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MASTER INDEX 


This index includes a// devices in Motorola Linear’s product 
line. Devices with Linear in the page number column are fully 
characterized in the separate Linear Data Book; however, 
selection characteristics are given in Chapter 10 of this volume 
for your convenience. 
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Monolithic JFET Operational Amplifier .............. sale alot ata edselg te ayalsho gab gsdrdew Gen mane Linear 
Monolithic JFET Operational Amplifier ....... 0... cc cece cece cnet tence ee ences Linear 
Monolithic JFET Operational Amplifier ....... 0... ccc ce cece cee cect cece ee anes .. Linear 
Monolithic JFET Operational Amplifier ..... 0.0... ccc cc ccc cece cee cette eee eeees Linear 
Monolithic JFET Operational Amplifier ........... 0 ccc cece cence ree eeeeeeeeeeees Linear 
Monolithic JFET Operational Amplifier ...... 0.0... 0 ccc cc eee cece teen een eee Linear 
Monolithic JFET Operational Amplifier ....... 0.0... cee ccc cece cece renee ences Linear 
Monolithic JFET Operational Amplifier ............. cece ccc e cece cen eeteeteuee Linear 
Monolithic JFET Operational Amplifier ......... 0. ccc ccc cece cece eee eet eens Linear 
Monolithic JFET Operational Amplifier ......... 0... cece cee cece eee eee eee eees Linear 
Monolithic JFET Operational Amplifier ............. eee ee cee cece eect nee eeeees Linear 
Monolithic JFET Operational Amplifier ........ 0... cee ccc cece eee eee reece eens Linear 
Monolithic JFET Operational Amplifier ......... 0.00. cece ce eee een cence Linear 
Monolithic JFET Operational Amplifier ....... 0.0... cee cee cee ee ene cece eee eens Linear 
Monolithic JFET Operational Amplifier ...... 0... ccc cee cee cece renee ence rene eens Linear 
Monolithic JFET Operational Amplifier ......... 0... cee cee cece cet cence eee e tenes Linear 
Monolithic JFET Operational Amplifier ......... 0... cee cee cece cee e eee neeeeeees Linear 
Monolithic JFET Operational Amplifier ......... 0... cece cece cece erence teaee Linear 
General Purpose Adjustable Operational Amplifier ........... 0c. cee e eee cence nee Linear 
Adjustable Negative Voltage Regulator ........ cece cece cece cee tent eeenees Linear 
Adjustable Positive Voltage Regulator ....... cece ccc c cece e ee eee cence eee eees Linear 
General-Purpose Operational Amplifier ........ 0... ccc cece eee cece cent n eee enes Linear 
Precision Operational Amplifier ....... 0... cc cece cece eee ce tere ee eee eee n tenes Linear 
Precision Operational Amplifier ............. cc cece ee eee ee Ney acev'e eel caesar e Sngswuies aiid ts Linear 
Positive Voltage Regulator ....... ccc ccc cee ce eee eee eee erent wees eee eeeees Linear 
Voltage Comparator ...ics cee cc cata tn iia Pe ee Oe pele eels os Poa ee cena wees s 7-3 
Positive Voltage Regulator ........ cc cece cc cee ee eee ee eee eee teen eee nen ee eeees Linear 
Positive Voltage Regulator ......... ce cee cece cee ce eee eee eee eee eee t neces eens Linear 
Quad Operational Amplifier .... 0.0... cece ccc cee cece eee teen eee eneeeee Linear 
Quad Comparator (Single Supply) ......... cc ccc ccc ee ce eee eee eee cence ete ereeecs 7-7 
Quad Comparator (Single Supply) .......... cece cece cee ee eee eter ecto eect eens 7-7 
Series of Positive Voltage Regulators .......... cece ce cece etre eee ee eee eaee Linear 
Dual Operational Amplifier ...... 0... ccc eee cece cece e cence eee e eee nee nee etnees Linear 
General-Purpose Operational Amplifier ....... 0... ccc cece cece ee een ene eeeee Linear 
Adjustable Negative Voltage Regulator ......... ccc cece ccc ee cee ee ee ence eens Linear 
Adjustable Positive Voltage Regulator .......... ccc cece cece cree teen eect eeeee Linear 
General-Purpose Operational Amplifier ......... 2... 0. cece cee cece cece ee eens Linear 
Positive Voltage Regulator ....... ccc ccc ccc eee ee ete ee eee een rete ences Linear 
Voltage Comparator \oes.i cise ou eve dees she cies Valens Bad Ee eae eae ee 7-3 
Adjustable Voltage Regulator .......... ccc cc ccc cee cece terete teen eee e eens Linear 
Adjustable Voltage Regulator 2.0... ..... ccc cece cee eee e tenet teen eee e reece Linear 
Quad OperationalAmplifier ........... cece ccc cece cece terre renee eeeeees Linear 
Quad Comparator (Single Supply) .......... cece cece cece eect eee eee e etn eeees 7-7 
Quad Comparator (Singe Supply) .......... ccc cece eee cece cette eect teen teneece 7-7 
Dual Operational Amplifier .... 0.2... 0. ccc cc cc cece ce eee eee eee eee seeecaees Linear 
General-Purpose Operational Amplifier ...... 0.0... ccc cece cece cece eee n eee cceee Linear 
Adjustable Negative Voltage Regulator ........... cece cece eee eee eee eee eees Linear 
Adjustable Positive Voltage Regulator .......... cece eee c cee cece een ee en ceees Linear 
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LM307 General-Purpose Operational Amplifier ........... ccc cece cece cece cece eenveeeens Linear 
LM308 Precision Operational Amplifier ........ 0... ccc cece cece cee cece e eet eeteeceens Linear 
LM308A Precision Operational Amplifier ........ 0... ccc cc cece cece centre ete eet eeeeees Linear 
LM309 PoSitive Voltage Regulator 20... . ccc cc ce ce eee reece eee eee teen ee eeees Linear 
LM311 Voltage Comparator sc'5:..cte cd os o5 os Foes el SNA SE heh eee tae cee 7-3 
LM317 Adjustable Positive Voltage Regulator .......... cee cece cee eee cece te ee eens Linear 
LM317L Adjustable Positive Voltage Regulator ........... cece ccc cee cece cette tee e canes Linear 
LM324 Quad OperationalAmplifier .. 0... . cc ccc ccc ccc c ete eee cence ereeeceeeeuees Linear 
LM339 Quad Comparator (Single Supply) ........... cece cece ce cece ee te ence ete ee eeeeenes 7-7 
LM339A Quad Comparator (Single Supply) ......... 0. ccc cece cece eee nee e eee eee neees 7-7 
LM340 Series of Positive Voltage Regulators ....... cece ccc cect cece cent eee tenes Linear 
LM358 Dual Operational Amplifier .......... 0c cee cece cece cece eee ete e en te eee eeenes Linear 
LM2901 Quad Comparator: \ 3 24-sscec Deccieie db exe eee ee 0k eet ele aS we es Se ere bee Slae aid sie eS 7-11 
LM2902 Quad OperationalAmplifier ...... 0... ccc ccc ccc eee cece eee enter ee eeeeees Linear 
LM2904 Dual OperationalAmplifier 0.0... . ccc ccc cc cee erence eee e eee en ee tnees Linear 
MC8T13 Dual Cin@: Driver’ csi aeac- ogee rece ave arise ashe oceania s Wiehe ere hs 4 os CR ale we aE RE Ges 5-9 
MC8T14 Triple Line Receiver with Hysteresis ........... cc cee cece ccc e eee e cee eee ee nceeees 5-12 
MC8T23 Dual Line Driver ............... ee er eee eee ee ee 5-9 
MC8T24 Triple Line Receiver with Hysteresis 2... .... ccc ce ccc ccc cece eee ce teen nee enees 5-12 
MC8T26A Quad Three-State Bus Transceiver ........ ccc ce cece teen eee ence een eceneees 4-99 
MC8T28 Non-Inverting Bus Transce@iver ......... cece eee cece cece e eee e nee ee eesennes 4-118 
MC8T95 Hex Three-State Buffer/Inverter ......... ccc ccc ccc cece c cent eee teeeeeeeeees 4-113 
MC8T96 Hex Three-State Buffer/Inverter 2.0... . cc ccc ccc cece cet e eee eee tee eenees 4-113 
MC8T97 Hex Three-State Buffer/Inverter ......... cee ccc cece eee eee teen ee tee teenens 4-113 
MC8T98 Hex Three-State Buffer/Inverter .... 0... cc ccc ce cece ee eee teen ete ee tee neces 4-113 
MC26S10 Quad Open-Collector Bus TranSceiver .......... cece cece eee cette cece eee aees 5-16 
MC26S11 Quad Open-Collector BuS TramSCe@iver ........ cc ccc cece eee ete nee e eee eeneees 5-16 
MC75S110 Dual: Line Driven ccc ccc ceased wis ints wits einiie Sos erei dia gid a wa gale eae Sea oS eee ee bree ewes 5-19 
MC1302 PeStage:: DIVIGSK i. ceye. sceiest otis Medan Sela weeds ie: w Weal wie Seige ansiare ate Wlanace aie aareclaceeceets Linear 
MC1306 1/2Watt AudioAmplifier 20... .... ccc ccc ccc cee eee eee eee e etre ene eneeas Linear 
MC1309 FM Stereo Demodulator ....... cece cece cece cee ree teen eee e eee e neat ean Linear 
MC1310 FM Stereo Demodulator ........ cece ccc cece ce cee ee eee ee eee ee en ent ee eens Linear 
M C1323 Triple Doubly Balanced Chroma Demodulator .......... ccc cc eee ec ee eee e ee eees Linear 
MC1324 Dual Doubly Balanced Chroma Demodulator .......... ccc ccc ccc ccc e cee eee Linear 
MC1327 Dual Doubly Balanced Chroma Demodulator ........... 0. c cece ec ee cece ee eees Linear 
MC1330A Low-Level Video Detector ...... cc ccc cece cee eee eee eee eee e teen e eee nnees Linear 
MC1349 PARI PL IPle ic sate casks Se wie ai eta oe can ae ice et ae aS eae. GS e wee cae: Silo o aa la ere we lovrel ets aust are alts a elo Linear 
MC1350 PEA PTI asics coire cose ba ee ie ww Chie bee eres tas WN eres wel Beslore odie ere GEE ee Ss Cus a ale ee Linear 
MC1351 TM SOuUnG: Circuit. <a ences nike aoe hee a ee oe ect oe ne ee de alone woh oa Linear 
MC1352 TV Video IF:Amplifien ois oss voc cicciis iene leiee seca dare 0 ieee Gua le lege gi ebealens Soa Gis oe eg ar bueecene Linear 
MC1355 Limiting FM IFAmplifier 2.2... 0. ccc ccc ccc ce cee eee eee cence teen eens Linear 
MC1357 IF Amplifier and Quadrature Detector 2.0... .. ccc ccc ccc cece ee tee eee cece eanes Linear 
MC1358 TM. SOUNG [FAM plitier cos. 2o aiceo8erd se jae alk ete cee wea Oh We nice a ee der ee ere wile la: e We Ieee gra era alless Linear 
MC1364 Automatic Frequency Control .......... ccc ccc ccc ce ee eee eee e eee n eens Linear 
MC1372 Color TV Video Modulator .......... cc cece ccc cece cence cece eee tenet ee eeenes Linear 
MC1373 TV Video: MOGUl ate ate se 5 cs secese a iesowiee ecaradererseve aissere yous, eer 8 er eilependve se eal ele eye Weveubr ane eee Linear 
MC1391 TV Horizontal ProceSSOr ...... 6. cece ccc cece cece ce ee cere e eee et eee eneees Linear 
MC1393A AV Vertical Processor. ccs. dit.e ose Dana nein a Rea daa Aiea ae dv ene Linear 
MC1394 TV Horizontal ProceSSOr 1... 0... ccc cece cee cece tee eee teen eee eee eeeenes Linear 
MC1398 TV Color Processing Circuit ........ ccc ccc ce cere cere tee eee e tet nenes Linear 
MC1399 TV Color Processing Circuit ......... cece cc cc ce cece ee ee eee eee eee eee eenee Linear 
MC1400 Precision Voltage Reference ........ cc cece ccc cece eee eee eeees CWvehwlas aden teeta aes 9-3 
MC1400A Precision Voltage Reference ......... cee cc ce cece ree nee nett etee eee eenes 9-3 
MC1403 Precision Low-Voltage Reference .........- cece ccc cece eter e cree eee ence eae neees 9-4 
MC1403A Precision Low-Voltage Reference ..... 0... cece ccc ccc ccc ce tee cee cent eee eee eeees 9-4 
MC1404 Precision Low-Drift Voltage Reference ......... ccc ce ccc eee e cece eect teen es enees 9-8 
MC1404A Precision Low-Drift Voltage Reference ............ cece ce eect eee eee enes 9-8 
MC1405 Analog-to-Digital Converter Subsystem ........... cece cece cee eect eee eens 8-3 
MC1406 6-Bit Multiplying Digital-to-Analog Converter ......... 0. cc cee cece eee e eee eee re eeee 8-17 
MC1408 8-Bit Multiplying Digital-to-Analog Converter ......... ccc cece cece ccc et cece eeneees 8-29 
MC1411 Peripheral: Driver Amtay occ :ec sésce lees oleware:oien cca a eee cies OS oo 4 beled Sistem WPA Ene heal oa Oce 5-25 
MC1412 Peripheral Driver Array ........... cece cece cece cee ee eet eeeeee idee, cb RW a SES 5-25 
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MC1413 
MC1414 
MC1416 
MC1420 
MC1422 
MC1430 
MC1431 
MC1433 
MC1435 
MC1436 
MC1436C 
MC1437 
MC1438 
MC1439 
MC1444 
MC1445 
MC1454 
MC1455 
MC1456 
MC1456C 
MC1458 
MC1458C 
MC1458N 
MC1458S 
MC1463 
MC1466 
MC1468 
MC1469 
MC1472 
MC1488 
MC1489 
MC1489A 
MC1494 
MC1495 
MC1496 
MC1500 
MC1500A 
MC1503 
MC1503A 
MC1504 
MC1504A 
MC1505 
MC1506 
MC1508 
MC1514 
MC1520 
MC1530 
MC1531 
MC1533 
MC1535 
MC1536 
MC1537 
MC1538 
MC1539 
MC1544 
MC1545 
MC1550 
MC1552 
MC1553 
MC1554 
MC1555 
MC1556 


Function Page 
Peripheral: Driver-Array | sicisicc seed scocbica sie oh Diels areraweie dae ajeied Secale ard.4 aes oS.8 88.4, Saw Helos 5-25 
Dual Differential Comparator 1.1.0... cece cece ce tee cee cnet ec eect eeeeesensees 7-15 
Peripheral Driver: Array <i. iccuscie gb 6a 8 eg Gta se Ge Sarai wpe Swine Raa es is! 0 kOe sng sidered 5-25 
Differential Output Operational Amplifier ......... 0. ccc cece cece eee e eee eeeees Linear 
Timing Circuit with Adjustable Threshold ............ ccc cece eee e ccc tt eee eeecees Linear 
OperationalAmiplifier ccccas cede hea ee Sater ee eee Sad nee weds esate seeas Linear 
Operational Amplifier ........... ccc cee ccc cece eee ee eeeeescrecesees ia Cates ee Linear 
Operational AMpIifier isc sinc cies cadse ea Mies Mia ese WR wee Sw a Sak old Nees ha Sareea e's Linear 
Dual Operational Amplifier 2.0.0... 0... ccc cece ccc cece cette eee etlenseeeeees Linear 
High-Voltage Operational Amplifier ........... 0... ccc ce cece cece teen ences Linear 
High-Voltage Operational Amplifier ...... 0... cece ccc cece cece cent ete ec eeenes Linear 
Dual Operational Amplifier ........ 0... ccc ccc cece ce cece cece erence eeteeeeenas Linear 
POWER BOOSTER 2.5.8: cceiisa) viens midis wee oie oS SyoSoe races, aia 8 wl w abe ib Sie Mice ¥ ease S'S 7 Bada es Linear 
High-Slew-Rate Operational Amplifier .......... ccc cc cece cece cece eee e eet eeeees Linear 
AC-Coupled 4-ChannelSenseAmplifier .......... ccc cece eee c eect eee ceeeeaes 4-3 
WidebandAmplifier ...... 0... ccc ccc cc cece eet cee eect een eee e cate seen teenes Linear 
1-Watt PowerAmplifier ....... 0... ccc cc cece cee eee cece ete e eee ease eeeeteeees Linear 
TIMING CiPCUIE o vecicaerces sectetecere earls © peeeew die hock GinGe ReMi GLa ws Wiel ROSH RAS SEW a wee EOS Linear 
High-Performance Operational Amplifier ......... ccc cece cece cece cee eeceeeens Linear 
High-Performance Operational Amplifier ...... 0.2. ccc c cece ee cece etree ete neees Linear 
Dual Operational Amplifier ....... 0... cece cece ec eee e et eeeteeeeteeeees Linear 
Dual Operational Amplifier ........... cc ccc cece cece e eect eee c cet eeecencees Linear 
Low- Noise Dual Operational Amplifier ....... 0... cece cece cee cence ete eeeeees Linear 
High-Slew-Rate Dual Operational Amplifier .......... ccc cece cece cece ttn eees Linear 
Adjustable Negative Voltage Regulator ........... cece cece ener e eet e ene eenaes Linear 
Voltage and Current Regulator ....... ccc ec cece cece cee e ete teen ree eee eenees Linear 
Dual + 15-Volt Tracking Regulator ......... cc cece cece cece cee renee eeeeeeeeees Linear 
Adjustable Positive Voltage Regulator ......... ce cee ccc eee eee e eee ee neces Linear 
Dual Peripheral Positive NAND Driver .......... cc cece ccc c cece ete e cee en ett eeeeees 5-29 
Quad MDTE Lime Driver a... ic cs ae cies wie ecee eee OS oie aig See re, wes dw esd vie we wlele eee ere O48 5-32 
Quad MDTL Line Receiver ........ cc eee cee cece ence e een e tee eeereneeees 5-38 
Quad MDTE-LING: RECEIVER oc eeac% ciaccg Siete d aieie's eiarease's Seow ahora, ce nea bE wid eat 5-38 
Four-Quadrant Multiplier ....... 0... ccc cece cece cee ete e cence ence eee eeeteeeues Linear 
Four-Quadrant Multiplier 0.0... . 0... ccc ccc cece tec erence tenet eee eeeeeees Linear 
Balanced Modulator-Demodulator ......... cece cece c reece cence ee ee es eeseees Linear 
Precision Voltage Reference ........., ccc cee cece ect e cece e cece ce ee ere eeeeeeeerens BD 
Precision Voltage Reference ........ cece cee cect cee cee cent een e etree eee teeenes 9-3 
Precision Low-Voltage Reference .......... ccc ccc ce cece cece tenet e nee ee eenenes 9-4 
Precision Low-Voltage Reference ......... cc cee cece eee cece cee e rete e nese reenees 9-4 
Precision Low-Drift Voltage Reference ............ cc cec cee ee cen eeee she dh weet ere weeks 9-8 
Precision Low-Drift Voltage Reference ......... cc cc cece ect c cect e ecto eee eesteenes 9-8 
Analog-to-Digital Converter Subsystem .............6. A iecausriavaralaaaads Seatecetars oscars arsenite 8-3 
6-Bit Multiplying Digital-to-Analog Converter .......... ccc cee cece reer ee ree eeeeees 8-17 
8-Bit Multiplying Digital-to-Analog Converter ......... ccc cece ccc c cece eee eeeeeees 8-29 
Dual Differential Comparator ....... cc cece cece ence rete e ee eeeeeesteees 7-15 
Differential Output Operational Amplifier ............ cece cc eee cee cece eeeeeees Linear 
OperationalAmplifier ......... ccc ccc cece teen teen teen cence eee eeenees Linear 
OperationalAmplifier ... 0... ccc ccc ccc cece eee te eee cence eet e eet e tees ee enenes Linear 
Operational Amplifier 2.0... .... ccc ccc cece cree eee e eee e ent eee scenes teneees Linear 
Dual Operational Amplifier ....... 0... ccc ccc cece eet e cee teen e eee eeeteeenes Linear 
High-Voltage Operational Amplifier ....... 0... cece cee cc cece ree tree eee eeens Linear. 
Dual Operational Amplifier 0.0... .. ccc ccc ccc cece eee ee cet e tent neneens ‘Linear 
POWOr‘BOOSTOM 225 5i.2ci6 eee tisse, eras % ssn elle ile ale ovat eiig eve oleate ee Wrdleteriche aie arerelaeie Sie aero avec Linear | 
High-Slew-Rate Operational Amplifier ........... ccc cece cece e cence ee eeences Linear 
AC-Coupled 4-Channel Sense Amplifier ......... 0... ccc cee secre eect ete eee seeees 4-3 
Wideband Amplifier’ dscns codecs esti ae Stk Oeste de Se Heo pate ene-oba Se otes Linear ' 
REAL FPA mplitien: ois sc ere wis aceasta aS Sis sare renew late. Ses Seals ee SS ae GS Nis Bee new Se ee Linear 
Video Amplifier .:3..4:0.4 Week od ie siete Saelee ewe ead Soe w Vereen ask seater. Linear 
VideorAmplifier cc sci ised adie tones. ov ve Sa olen 8 Sea ed Vere oS 0 a Wideale ees eld bees Linear 
1-Watt Power Amplifier ........ 0... ccc ccc cece reece ence teen eee cnet eeeeeees Linear 
TAMING CirGuit: c:8s.0%5 eee Shed eee Solace GER a Ra aeien $4-O5idn ooo seu ae dela ee ceowed Linear 
High-Performance Operational Amplifier ............. cc cece ce eee e eee tee nnaee Linear 
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MC1558 
MC1558N 
MC1558S 
MC1563 
MC1566 
MC1568 
MC1569 
MC1590 
MC1594 
MC1595 
MC1596 
MCc1709 
MC1709A 
MC1709C 
_ MC1710 
MC1710C 
MC1711 
MC1711C 
MC1712 
MC1712C 
MC1723 
MC1723C 
MC1733 
MC1733C 
Mc1741 
MC1741C 
MC1741N 
MC1741NC 
MC1741S 
MC1741SC 
MC1747 
MC1747C 
MC1748 
MC1748C 
MC1776 
MC1776C 
MC26S10 
MC26S11 
MC3232A 
MC3242A 
MC3245 
Mc3301 
Mc3302 
MC3303 
MC3310 
MC3325 
MC3333 
MC3340 
Mc3344 
MC3346 
MC3357 
MC3358 
MC3360 
MC3370 
MC3380 
MC3386 
MC3393 
Mc3401 
MC3403 
MC3405 
MC3408 
MC3410 


Function Page 
Dual Operational Amplifier 0.0... 0... .. ccc ccc cece cece eee eee e eee teeeeteneaes Linear 
Low-Noise Dual Operational Amplifier ............ ccc cece cee cece newer setae Linear 
High-Slew-Rate Dual Operational Amplifier ...................6. site atha tulad Asia Linear 
Adjustable Negative Voltage Regulator ......... cc cece ccc cece eee eeteeenes Linear 
Voltage and Current Regulator ...... 0... ccc ccc cece eee cet e tenses ennes Linear 
Dual +15-Volt Tracking Regulator ........ ccc cece ccc cece cece teen eet ee neces Linear 
Adjustable Positive Voltage Regulator ................. gue wixlene a: ovardieinre deate Sted shane Linear 
WidebandAmplifier with AGC 0.0... ccc ccc cece cece eee cena en eneeees Linear 
Four-Quadrant Multiplier 2.0... .. cc cc ccc cece cece terete ete e eet eeereceees Linear 
Four-Quadrant Multiplier 2.0.0... 0... cc ce cece cee n teen e eee neeees Linear 
Balanced Modulator-Demodulator ........ 0... ccc eee cece cece t ence ences Linear 
General-Purpose Operational Amplifier ...... 0... ccc cece cee cece eee e tee eeeaee Linear 
General-Purpose Operational Amplifier ....... 0... ccc ccc cece cece cece see escesves Linear 
General-Purpose Operational Amplifier .......... 0... ccc ce ccc cece eee eet eeeeenes Linear 
Differential Comparator ....... ccc ccc ccc cece eee ee eee eee ee nee te tence eees 7-19 
Differential Comparator’ .iicéc ee 66.05 det b oe bis See A. Vie borden eo auande oe bbe ge bee eeu es 7-19 
Dual Differential Comparator 1... 0... ccc ccc ccc ee cee cet e eee eee teense teens aeenes 7-23 
Dual Differential Comparator ....... cece ccc ce ee cee cece eee ete teeeeeeeees 7-23 
Wideband DC Amplifier: io siscccans as 3 os Ri wice i tee oie b Belea eA da cae tows ulate ats Linear 
Wideband DC Amplifier ....... ara etink-w aceso-ere gee Basra aad em hea mea aaa gle a aed A eroaata Mae Linear 
Adjustable Positive or Negative Voltage Regulator ............. cece eee eee e cee Linear 
Adjustable Positive or Negative Voltage Regulator ........... cece eee eee ences Linear 
Differential Video Amplifier 2.0... 0... cc cc ccc cece cece eee tenes tenses sens Linear 
Differential Video Amplifier .... 0.0... ccc cc ccc ce cee cece ete e teens eee esceeees Linear 
General-Purpose Operational Amplifier ........... cc cece cece cence eee eee eeaes Linear 
General-Purpose Operational Amplifier ......... 0... cece eee cee ence ete eeees Linear 
Low-Noise Operational Amplifier ....... 0... ccc ccc ce cee cece teen tee teeeneees Linear 
Low-Noise Operational Amplifier ........ 0. cc ccc cc cece cece cence cece ee eeeeees Linear 
High-Slew-Rate Operational Amplifier 1.0.0.0... ccc cee cee cece cee eee e eee eneees Linear 
High-Slew-Rate Operational Amplifier ...... 0... ccc cece ccc cee eee e et te eee enees Linear 
Dual MC1741 Operational Amplifier ........ 00... cece cece cece cette ete e ences Linear 
Dual MC1741C Operational Amplifier ...... 0... . cc cece eee eee ct ence eeeeees Linear 
General-Purpose Operational Amplifier ........ 0... ccc cece cece cece tee eens Linear 
General-Purpose Operational Amplifier ..... 0.0... ccc cece ce cence eee ee teenees Linear 
Programmable Operational Amplifier ........ 0... cc cece cc cece cece tee teen eens Linear 
Programmable Operational Amplifier ....... 0.0... cc cece eee cee cece cect ene eenes Linear 
Quad Open-Collector Bus Transceiver ........... ccc ccc cece cece e teen ee anes 5-16 
Quad Open-Collector Bus Transceiver ........ ccc ccc cece cece cen cee cence eteees 5-16 
Memory Address Multiplexer and Refresh Address Counter .............2ceececeee 4-11 
Memory Address Multiplexer and Refresh Address Counter »..........cc ccc ce cecees 4-16 
Quad TTL-to-MOS Driver ici cies ce eed 85 eee eee ee aled ee bawed eee eden. beeled eee 4-21 
Quad Operational Amplifier .......... ccc ccc ccc cece ee cn cece nee ee te eeeeees Linear 
Quad Comparator ...... ccc ccc ccc eee cee eee eee Din ciate bitoni chia eden Nites Gh ever 7-27 
Quad Differential-Input Operational Amplifier .......... 0... cc cece cece ee eens Linear 
Wide-Band Amplifier (co.cc cccse cies eee aanie Os Wiles ei ON oie Vie ew aie Se ele eved wrece were ee wees Linear 
Automotive Voltage Regulator 2.0... . cece ccc cece eect ee tee eee nee ences Linear 
Vari-Dwell Ignition ...... 0... ccc ccc ccc ce ce ce cence teen nee e ee ee rete eeeeenes Linear 
Electronic Attenuator 1... .. cece ce eee eee eee teen eee eee eee eeeees Linear 
Programmable Frequency Switch .......... ccc ccc cece eee ee nes eeneeenes Linear | 
General-Purpose Transistor Array ....... 0. ccc cece cece eee e eet ene teeeeeees Linear 
Low-Power: FMF ogcc.2 6286 Saas Cok eS ob dale dak eat AD id chee FE oh GAA we eA Linear 
Dual Low-Power Operational Amplifier ......... 0.0... cece cece ne cee erento neevees Linear 
1/4-Watt AudioAmplifier 2.0... ... ccc ccc cee tee eect eee eee et essence eenes Linear 
Zero Voltage: Switch. 34.2.5 sad eae xaa hw ies Yed.ok wi chested te chee ator a aenaed Linear 
Emitter-Coupled Astable Multivibrator ....... 0.0... cece cc eee cece e eee enneaes Linear 
General-Purpose Transistor Array ....... 0... cece cee ce cee cence eee e ent eneaees Linear 
Two-Modulus Prescaler ......... cece ccc ce cece cence teen teen eee eteeeeeeees Linear 
Quad Operational Amplifier 0.0... 0... ccc ccc ce cece cece e cece cece eer neeeneens Linear 
Quad Differential-Input Operational Amplifier .......... 0... ccc cece ee ee eee ee Linear 
Dual Operational Amplifier plus Dual Voltage Comparator ............20c cee eeees Linear 
8-Bit Multiplying Digital-to-Analog Converter ........... ccc cece eee e eee eeaee 8-43 
1LO=Bit' D-to-A: Convener. 25.0 20%.d0-00 te tee Ate eee ie a ede ieee 8-49 
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MC3476 
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MC3481 
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MC3485 
MC3486 
MC3487 
MC3488A 
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MC3490 
MC3491 
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MC4741C 


Function Page 
1Q-Bit: D=to-A- Converter a: ice oie kaha seven soo oh Sid pei Sain ee Aw id oka debe wedi pleats 8-49 
High-Speed 12-Bit D/A Converter ......... ccc cece cece eee e tees eee ee eceeceeveuns 8-60 
Crosspoint SWitCh ic sta cece hee Gissard dc hee Bs Ce sea cerac lots oral doerataverealayateivGare aihieed sSviwlezdee 6-3 
Continuously-Variable-Slope Delta Modulator/Demodulator ............cceceeeeees 6-12 
Continuously-Variable-Slope Delta Modulator/Demodulator ............cccececeees 6-12 
Subscriber Loop Interface Circuit .......... ccc ccc ccc cece cee tee c een eeeecsnees 6-30 
Switchmode Regulator Control Circuit ......... ccc ccc cence tee eee cee eeaee Linear 
Overvoltage Sensing Circuit 2.0... .. ccc cc cee cece ete cece teen ee te eee eeeteues Linear 
High-Speed Quad Comparator .......... ccc ce cece cece tence cee tee teceneeeecenes 7-31 
High-Speed Quad Comparator ......... cece cece cece eee nent ee eeeeteeseneens 7-31 
High-Speed Quad Comparator ............ 4s erithairo, sini co eit awe Salle sire eseuw ere Ca wa ase e Sadho 7-31 
High-Speed Quad Comparator iiss disuse cisauaty swine tev ngiie ea pit eaees Veale dae 7-31 
Hex Unified Bus Receiver .......... ccc ccc ce cece cect eee e ee tenes eeeeeeeeteees 5-44 
Quad Unified Bus Transceiver ......... ccc ce cece cect e teen eee cee neseceueveece 5-47 
Quad Interface Bus TranSceiver ........ cece cc cece cee tet e eee eee ceeeenens 5-50 
Quad Interface Bus Transceiver ......... cc ccc cece ec cee tence eee eee eeeeeeeenees 5-50 
Quad Interface Bus Transceiver ........ ccc cc ccc cece cece eee e nett ac ee eeeeeeees 5-50 
Quad Interface Bus Transceiver ....... ccc ccc ccc cece tee e teen eee eenecenees 5-54 
Bidirectional Instrumentation Bus Transceiver .......... cece eee c eee e vec eeeace 5-57 
Quad Three-State Bus Transceiver ............ ccc eee cece ees boa Sar bob. Saito Sigs Gewese taaters 5-63 
Triple Bidirectional Bus SWitCh 2.2.0... 0... ccc ccc ce cece ete e eee e renee eeeneeuces 4-104 
Quad: LIME RECOVER <is siete eee eS Seek ie eset ek 268 ANE oes oie ew oad ese averse ane 5-68 
Quad Line RECOVER ci ccdis cle sie elie Berar Sass de oa rasan by She! Ale dials seine a dew atone, Se aaUNS GeeKeS His 5-68 
Quad Line Driven. sccuiee saeco deaechace vowed ehh O she Ged Cee Mibe ua aide oh ashe oeaeles 5-75 
Dual TIMING: CICUIE ec e655 sia Sar cece ee ene Seay ee Se dtaeae de Waldo GAS 49S ERA Linear 
Dual Low-Power Operational Amplifier ......... 0... ccc ccc cece cence nent ee eeeees Linear 
Quad NMOS Memory Driver ......... cece ccc eee e cece tere eee ne eee eeneeeteeanees 4-24 
Dual NUOS Memory Sense Amplifier .......... eee cece cece cere eee eeneeeeees 4-28 
Triple:Preéa mplitier: vc <.04 7s ecccen, save e wivese Cxcedecel Rea eee ew wai eRe Fa ali @ ane cWab'e ois Wace ws 4-34 
Magnetic ReadAmplifier 0.0... . 0... cece cc ccc cece een e eet ence eee eenenes 4-39 
Floppy Disk ReadAmplifier System ......... 0. ccc cece eee e eee ence "sik a RRS ae Sealers 4-59 
Programmable OperationalAmplifier ...... 0... 0... cece ccc e cece eee cece tee c eens Linear 
Memory Controller Circuit 2.0... 0. cece c cee cee ce eect eee e eet e ee eeeteeeaverecs 4-73 
Quad Single-Ended Line Driver ........ ccc ccc cece cece cette cette eee eeeeeenecs 5-79 
Octal Three-State Buffer/Inverter ........... ccc cece cee eee saps Ghbcacase eons eae ios 4-109 
Octal Three-State Buffer/Inverter ....... cee ccc ce cece ce eee eee nee ee ee eees 4-109 
Quad Single-Ended Line Driver .......... cece cece ccc ee eee ee eees saver sah a Os fin bs alge 5-79 
Quad RS-422/423 Line Receiver ........ ccc ccc cece cece eee ee tee ee teeeeees 5-80 
Quad RS-422 Line Driver with Three-State Outputs ......... cece ce cece ence ee eees 5-83 
Dual RS-423/232C Driver 1.0... ccc ccc ccc cee eee e ete eee ee tae eeteeeenes 5-87 
DualRS-423/232C Driver: acs: ene Vso nites abba ee pale Me eigisleed bw CHE D084 6 Hae aa eae 5-87 
7-Digit Gas Discharge Display Driver .......... ccc cece cee cee cece ete c ec eeteceees 5-90 
8-Segment Visual Display Driver ............ ccc cece ce cece cence tee eeeuteveees 5-96 
8-Segment Visual Display Driver ........... cece cece cee cece ee eee n ees eeeeees 5-96 
7-Digit Gas Discharge Display Driver ......... ccc ccc cee cee e cece etree eee eencees 5-90 
Quad Differential-Input Operational Amplifier ....... 0.0... ccc lec e cece eee eeaee Linear 
Dual Operational Amplifier plus Dual Voltage Comparator .............. ccc ev ees Linear 
10-Bit D-to-A Converter 2... . cc cece ccc ccc ce ee eee renee tenet ent eeteceenacen 8-49 
Continuously-Variable-Slope Delta Modulator/Demodulator .......... 02... e cee e eee 6-12 
Continuously-Variable-Slope Delta Modulator/Demodulator ...............00000 ees 6-12 
Subscriber Loop Interface Circuit ........ ccc ec ccc cece teen erences seeeecenes 6-30 
Switchmode Regulator Control Circuit ......... ccc cece eee t cece ener ecees Linear 
Overvoltage Sensing Circuit 2.0... . cece eee cece eee cee e teen nee neeeeeees Linear 
Dual Timing: Cir cult. s..2056 oe ee oie ewe in Fe ehh, Lone Wee Sve ed bows eae Linear 
Dual Low-Power Operational Amplifier ............. 0... cc eee ee ORS RRE Sa eee Ss Linear 
Dual High-Frequency Operational Amplifier ........ 0... ccc cece cece eee cence ees Linear 
Dual High-Frequency Operational Amplifier ......... 0... ccc cece cece eects te cees Linear 
Dual High-Frequency Operational Amplifier ........... 0.2 ccc cee cece ete cnet eeees Linear 
Dual High-Frequency Operational Amplifier ......... 0... cece cee cece eee eet ecees Linear 
Dual High-Frequency Operational Amplifier ....... 0... cc cece cc cee eee ee eens Linear 
Quad MC1741 Operational Amplifier ........ 0... ccc ccc ccc cee cece ewe nce ee eeee Linear 
Quad MC1741 Operational Amplifier ....... 0.0... ccc cc cece cece eee ne eeeeees Linear 
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MC78L18 C 


MC78L24AC 
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M C78M20C 
M C78M24 C 
M C7902 C 
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M6800 Clock Generatot/ Driver ...... 2. ccc ccc cee cece eee rere eect entree eneees 4-88 
Quad Three-State Bus Transceiver ....... ccc ccc ce cee ee ee eee ee eee ete e ee eaes 4-99 
Triple Bidirectional BUS SWitCh 2.0.0... . cece cee cence rete tee eee eee eeeee 4-104 
Octal Three-State Buffer/ Latch ........ cc ccc cece cece cece ee eee eee ee eee een e eens 4-109 
Octal Three-State Buffer/ Latch 2... ... ccc ccc cere ee ce ee cere eee nett eee eenes 4-109 
Hex Three-State Buffer/Inverter 2... 0... cece ccc ccc eee cece ee eet cette ences 4-113 
Hex Three-State Buffer/Inverter 2.0... .. ccc ccc cece eee cere renee ee eee 4-113 
Hex Three-State Buffer/Inverter 2.0... . ccc cc eee ce ee cee e een ee rete eee eeees 4-113 
Hex Three-State Buffer/Inverter 20.0... ccc cc ce eee e eee e ene nett ntaeees 4-113 
Noninverting Bus Transceiver .............206. ‘gc pis Mee aie eae eats lee See: atan aed bias Bie 4-118 
8-Bit Bus- Compatible MPU D/A Converter ........ ccc cece eee e ence nnn en aennes 8-61 
Dual LHe? Drive rk ese. ec sec che eas Gb ec devi eM New entiation © Gee Gale, Shine eReales ow AD we ada eg 5-19 
Positive Voltage Regulator (1.5 A) ....... ccc cece cee eee eee eee ee teen eee enes Linear 
Positive Voltage Regulator (1.5 A) ..... ccc cece cece eee ee ence ene nee e ee eenee Linear 
Positive Voltage Regulator (1.5 A) ........ cece cece eect e eee n en en eee eens Linear 
Positive Voltage Regulator (1.5 A) 0.0... ... ccc cece cee eee tenner eee e renee Linear 
Positive Voltage Regulator (1.5 A) ...... ccc cece cc cee eee tee eee ee een e ne eeees Linear 
Positive Voltage Regulator (1.5 A) ..... cece cece ec eee reece eee e ee teen een eees Linear 
Positive Voltage Regulator (1.5 A) ...... ccc cece ccc cece teen ee eee e ee eeees Linear 
Positive Voltage Regulator (1.5 A) ...... ccc ccc cece ee erent eee ee ee ee ee eees Linear 
Positive Voltage Regulator (1.5 A) 10... cc cece cece cece cere eee e ener tener ereees Linear 
Positive Voltage Regulator (1.5 A) ..... ccc ccc cece eect n eee nee cnet neers Linear 
Positive Voltage Regulator (1.5 A) ..... ccc cece cece erence eee teeter eees Linear 
Positive Voltage Regulator (1.5 A) ...... ccc cece cence eee en eee ee enn nee enees Linear 
Positive Voltage Regulator (1.5 A) ...... ccc cece cece cee e cece eee ee ene e ee eeees Linear 
Positive Voltage Regulator (1.5 A) ....... ccc cece cece ete rene ee nee entree eens Linear 
Positive Voltage Regulator (1.5 A) ...... cc cece cece e eee e cece ence nee e nee eees Linear 
Positive Voltage Regulator (1.5 A) ....... ccc cece cect eee cence ener eeenes Linear 
Positive Voltage Regulator (1.5 A) 1.0... 0... cece cece reece eee cece eee e ene Linear 
Positive Voltage Regulator (1.5 A) ...... ccc eee ete eee ener e een eee eeenes Linear 
Positive Voltage Regulator (1.5 A) ..... ccc cece cece eect eee eee rece eens Linear 
Positive Voltage Regulator (1.5 A) ..... ccc ccc cece eee teen ener cree ences Linear 
Positive Voltage Regulator (1.5 A) ..... ccc cece eee e cence ence e teeter eeeee Linear 
Positive Voltage Regulator (1.5 A) ........ ccc cece cece eect eee eee eee n ee eeenes Linear 
Positive Voltage Regulator (1.5 A) ..... cece cece cece eet e ee eee ee eee e nen eees Linear 
Positive Voltage Regulator (1.5 A) ...... ccc cece cee eee cece eee een e ences Linear 
Positive Voltage Regulator (1.5 A) ..... ccc ccc cece eee eee eee ee teen eeees Linear 
Positive Voltage Regulator (1.5 A) ..... 0... cece cece cee cece eect ee teen ee enees Linear 
Positive Voltage Regulator (1.5 A) ....... ccc ce cece cece ee eee teen eee nete Linear 
Positive Voltage Regulator (1.5 A) ..... cece ec cece eee eee e erect eee n eens Linear 
Positive Voltage Regulator (100 MA) ....... cee cece cece eee een e eee eee e eens Linear 
Positive Voltage Regulator (100 MA) ....... cece cece eee reece ee eet eter ees Linear 
Positive Voltage Regulator (100 MA) ........ ce cee cece cece tere eee enn ee renee Linear 
Positive Voltage Regulator (100 MA) ....... ccc cence cee eee teen ee renee eens Linear 
Positive Voltage Regulator (100 MA) ..... ccc cece ccc eee e eee etter nee e nn eeee Linear 
Positive Voltage Regulator (100 MA) ........ cece ccc e cece ee eee eee ene e eens Linear 
Positive Voltage Regulator (100 MA) ........ cece cece cece ee nee centre eeees Linear 
Positive Voltage Regulator (100 MA) ........ cece cece cette eee eer ee eee n eee eens Linear 
Positive Voltage Regulator (100 MA) ..... ccc ccc cc eect eee eet eee enn Linear 
Positive Voltage Regulator (100 MA) ....... ccc cee cc eee eee reece tener nee Linear 
Positive Voltage Regulator (100 MA) ........ cece cere eect nent e eee n eee nae Linear 
Positive Voltage Regulator (100 MA) ...... ccc cece eee cee n eee e eee entre neeees Linear 
Positive Voltage Regulator (100 MA) 2... . ccc ccc eee ee eee cere eee eee eeee Linear 
Positive Voltage Regulator (500 MA) ......... ccc cece cece ete en teen e teens Linear 
Positive Voltage Regulator (500 MA) ........ cece eee e eee ener ee eee nee eenes Linear 
Positive Voltage Regulator (500 MA) ........ cc cee cece eee eee e ete teen eeenes Linear 
Positive Voltage Regulator (500 MA) ........ cece cece eee e nee nett ee eeees Linear 
Positive Voltage Regulator (500 MA) ........ cece cece een eee e eee e ene t teenies Linear 
Positive Voltage Regulator (500 MA) ....... cece cee cece eect ee rte ence tenes Linear 
Positive Voltage Regulator (500 MA) ........ cece ccc cee cece ee ene ene eens Linear 
Positive Voltage Regulator (500 MA) ....... cece cece cee cece teen teen encase Linear 
Negative Voltage Regulator (1.5 A) ........ cc cece cece ccc e eee ne tet eee ete eens Linear 
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MC75450 
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MC75452 
MC75453 
MC75454 
MC75461 
MC75462 
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MC75464 
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Negative Voltage Regulator (1.5 A) ....... ccc cece cece cere cect teen tere sertees Linear 
Negative Voltage Regulator (1.5 A) ....... ccc cece cece eect eect reece enc cneeees Linear 
Negative Voltage Regulator (1.5 A) .........ccceec cece nce re eee ttee erence eenene Linear 
Negative Voltage Regulator (1.5 A) ........... cece ee cece eee eee e en ceeeees Linear 
Negative Voltage Regulator (1.5 A) ........ ccc cece cee cere rece ee eee te eneeeeeee Linear 
Negative Voltage Regulator (1.5 A) ........ ccc cece cece cece cence teen eneneee Linear 
Negative Voltage Regulator (1.5 A) .........cc cece ccc tect eee n ee eee ee eeneeeaes Linear 
Negative Voltage Regulator (1.5 A) ....... ccc cee cee cee eee ete tee ren enseens Linear 
Negative Voltage Regulator (100 MA) ......... cece cece ence ere tere nee eceeens Linear 
Negative Voltage Regulator (100 MA) ........ cece cece cece cece tne eeecneaes Linear 
Negative Voltage Regulator (100 MA) ........ cece eee cece cence eee eeeeencreees Linear 
Negative Voltage Regulator (100 MA) .......... cece eee ete eee e cece etree et enaes Linear 
Negative Voltage Regulator (100 MA) .......... cece cece eect ence ewer ee eneeteees Linear 
Negative Voltage Regulator (100 MA) ......... ccc ccc eee eee e eee eee rete ee neers Linear 
Negative Voltage Regulator (100 MA) ........ cece cece cee eect renee eneeeeees Linear 
Negative Voltage Regulator (100 mA) ........... deen Sisis Sisle hte scetale Belle ete atacbied Linear 
Negative Voltage Regulator (100 MA) ........ cece cece ence ete e cern nee eneeteees Linear 
Negative Voltage Regulator (100 MA) ........ cece cece cece cece eee e ence eens Linear 
Negative Voltage Regulator (100 MA) .......c cece cece cere e cece eet eeneee rene Linear 
Negative Voltage Regulator (100 MA) ......... cece cece cece rete eer tenner enece Linear 
Duals LIM@DFIVER 36s esses ocssie bee 6.08 5G cochirs pon ied d “a Wiss fae a Sia ce oie euelialane 8188s ual Gs eae aie acaee 5-9 
Triple Line Receiver ........ ccc ee cece cere ete n eet e eee ten eee eee eee eeteeeees 5-12 
Dita) eine: Driven eccee ssc Boe oo ae a grelen bed vw Gee eens Sie. Gre aor ol laa ecDtenaie gece, Sew atacand. b eee oe dereteiiellen 5-9 
Triple Line Receiver ...... ccc cc cece cece ence ene c een e reer e re reeeseneecessesens 5-12 
Quad Bus Transceiver/MPU Bus Extender .......cc cece eee c cere cree tee e eee e eens 4-99 
Noninverting BuS TransCeiver ........ cece cee cee eee cee ree terete nent ances teens 4-118 
Hex Three-State Buffer/Inverter 2... .. ccc ccc cee ccc cen rete eee eee e eee ee eees 4-113 
Hex Three-State Buffer/Inverter ....... cece ce cee ce eee tee etter eee eee eeeeees 4-113 
Hex Three-State Buffer/Inverter ...... ccc cece ee eee ete cee eee eset eee eneeaees 4-113 
Hex Three-State Buffer/Inverter 2... ... ccc ccc ee cee cee eee e tener acess tence 4-113 
7-Bit High-Speed A/D Comverter ..... ccc ccc cece cece cece eceteereesansneeneees 8-65 
High-Speed 8-Bit D/A Converter .........cccscccccccccscctcnneccccseevecerenees 8-66 
High-Speed 8-Bit D/A Converter ........ cece cece eee cence eee nee e ener eeecene 8-66 
Single TRIMFET Operational Amplifier .......... ccc cece crete ener en eee neenaaee Linear 
Dual TRIMFET Operational Amplifier ......... 0. cece ccc eee e cree rece rece tenes Linear 
Quad TRIMFET Operational Amplifier ....... 0... cc cece ccc c teen cece ee eeens Linear 
Dual Precision TRIMFET Operational Amplifier ............ cece reece vee e eens Linear 
Single TRIMFET Operational Amplifier ........ 0c cece cece eee cence nee n eee Linear 
Dual TRIMFET Operational Amplifier 2.0... 0... ccc cece cee eee cece eee eeeeees Linear 
Quad TRIMFET Operational Amplifier ......... cc cc cee cee cece net e cece nee cenee Linear 
Dual Precision TRIMFET Operational Amplifier .......... 0... ccc e cece ee ee eee eee Linear 
Dual Memory Driver ........ cece ccc cere cece eee eee ee eee e eter eee ne terete 5-120 
Dual Line: RECCIVER aise ccae sides ie wie sok eee bw sree Wie e so Wig Jog ec wee ara lees oleae qsafela wares ce 5-103 
Dual. Line ‘REC@IVER” goes Sisco ahesie aaah e eecdtn anette eat ae aren a Set eeie war sie laltla se Meters wea 5-103 
Dual: Line: Driver ais ite8 das ce bel ede aed aw dw ewe b4 ee Aas ee SUG a a wate es 5-19 
7-Channel Line Receiver ....... cee ccc cece cc ee ee ee ee ee etree teense nee eeeetee 5-108 
7-Channel Line Receiver ........cccecescccectenec neces esereveneeneeecrstceeees 5-108 
8-Channel Line Receiver ....... ccc ccc cee tee cee cece rete eee e tee e tate tetes 5-112 
8-Channel Line Receiver ......... ccc cece cess cece eee e cece ee ec te cesesaeeceenes 5-112 
Dital Line: RECOIVER - ss. s ie -cic is os eo ie hee ei where 6a eae wie aia ale aie ele Selena Wo AE Ree Ola wee Hew wd .. 5-116 
DualiMemory Diver 24 feck Civile Pease ares cease etn eee v eee Sees Oo ZO 
Quad: MOS’ Clock ‘Driver i. scees eceo.0- 35 Sirece ied oleate ayers lo 4, aleiesslelo W'erald OO eae be a Mielec ee 4-124 
Dual MECL-to-MOS Driver .......... ccc cc ccc center e cence ere ee ee eenees 4-132 
Dual Peripheral Driver, Positive AND .......... ccc cece eee cee teen eee een eens 5-126 
Dual Peripheral Driver, Positive AND ...............46. tea dubratab ashe ae Soca ene fede, ava ice, Seahese 5-131 
Dual Peripheral Driver, Positive NAND ......... cc ccc cee cece cee cee e ene nee eeee 5-131 
Dual Peripheral Driver, Positive OR ......... ccc cece cee ce ect ence nee eeeetteeees 5-131 
Dual Peripheral Driver, Positive NOR ......... cece cece cece cece eee ee reenter eens 5-131 | 
High-Voltage Peripheral Driver ............ cece cece eee cent et eeeees Up Si SA ccc evaitae al 5-135 
High-Voltage Peripheral Driver ....... 2... ccc cc cece ee cece cence ee eee enn eees 5-135 
High-Voltage Peripheral Driver ........ Paicg lack Said feteea ne ata chic bce Ieee See wre Bre eieue ones. 5-135 
High-Voltage Peripheral Driver ........... cece ec cece cece eee teen eee eee enenee 5-135 


MASTER INDEX 


Device 
Number 


MC75491 

M C75492 
MC CF3326 
MCCF3333 
MM H0026 
MM HO0026 C 
NE565 
NE592 
SE592 
SN75431 
SN75432 
SN75451 BP 
SN75452 BP 
SN75453 BP 
SN75454BP 
TCA4500A 
TDA1190P 
TDA1190Z 
TDA2002 
TDA2002A 


Function 
‘Quad Light-Emitting Diode (LED) Driver ........ 0... cece cece cece eee eee 5-140 
Hex Light-Emitting Diode (LED) Driver ......... cc cece ccc ccc nee cent neeeeees 5-140 
Flip- Chip Automotive Voltage Regulator .......... cece cece e cece eee eeees Linear 
Vari- Dwell Ignition Circuit 22... ccc ccc ccc ccc cece cece ence eect eee eeees Linear 
Dual: MOS Clock Driver: csc oi5 cccncecc we ev eis ak tied Seen bie ertin o eob Sie bees wae SOI eels 4-137 
Dual MOS:Clock: Driver icici eh eee do Seas Re aie dha eele wo Ld wiew aei ede lee 4-137 
Phase-Locked LO Op: 0: sca: essere iesdccce erelin ew eocinserave a0e dre el eotielece.gie0' $, eesee bod Cece arate Sexfeuaaaase Linear 
Video AM pPIIPIOR = is 6.chiiesi5cd eens we eee kd we aw Sew ASOT EN OUTS A ONES ANS wale Linear 
Vide oO Amiplifien.: 25 ioa6 see isaceii5 thes vee Sia Shere ace BE ta we be Sea Ei pele Be ieee dean Pre wake Linear 
Dual Peripheral Driver ......... cc cece cee cnc eeeeveees Bb bie di die els Woh Gees Cue ew ete 5-146 
Dual Peripheral Driver ........ 0. ccc cece cece teen teen eee eee eee esse eee ee eesees 5-146 
Dual Peripheral Driver ......... ccc ccc cece ce ccc e cc cece teen ence ceeeeceeeneeesues 5-147 
Dual: Peripheral Driver 2:36 ssc ors cccrenlig is Steere See eda ob are mdca ain Gah ae ela BOO 5-147 
Dual Peripheral Driver’ ssc etee hog o ccc dco Sia oie esd se eer ele Si Wie eo cha eS Solon gs Siete el eco 5-147 
Dual Peripheral Driver ....... ccc cece cc cece eee cece cette eect ens eeteseeverece 5-147 
FM Stereo Demodulator ....... ccc cc cece ce cece ee eee ee eee cence ent e eee eeene Linear 
TV: SOUNG:SYSTOM? asic ycco-5oio ina ace arate vee Sense Sate tese ai wc caalial Ord a fo' pe lo 0k. dase aussie bbw eleues Sarees Linear 
TV: Sound SYSte im |. o's ssc26 dirais ares cords eres eens wee ates, teddaechie els data Ncaseretnssenaiievetecy te Linear 
Audio:Power Amplifier: i iiicicce cid sai ee iin eee eds ead eee 88 bie ie olese Aig aie BS Win wala Linear 
Audio Power Amplifier ....... 0. ccc ccc ce cece teen reece ence etter eee eeteeees Linear 
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INTEGRATED CIRCUITS 


i (A) MOTOROLA LINEAR 





MOTOROLA — LINEAR INTEGRATED CIRCUITS CROSS REFERENCE 


. . . provides a complete interchangeability Ist linking over 3000 ture range. The “Motorola Functional Equivalent” column provides a 
devices offered by most major Linear Integrated Circuits manufacturers device which performs the same function but with possible differences 
to the nearest equivalent Motorola device The “Motorola Direct im package configurations, pin connections, temperature range or 
Replacement” column lists devices with identical pin connections and electrical specifications. 


package and the same or better electrical characteristics and tempera- 
7O9BE —AD559S.. 


MOTOROLA MOTOROLA ‘MOTOROLA MOTOROLA : MOTOROLA MOTOROLA 


DIRECT SIMILAR DIRECT SIMILAR DIRECT SIMILAR 
PARTNO. REPLACEMENT REPLACEMENT PARTNO. REPLACEMENT REPLACEMENT PARTNO. REPLACEMENT REPLACEMENT 























































9627DM 
9636AT MC3488AP 


709BE MC1709G 


MC1489AL 
709BH MC1709F 


75450BDC MC75450L 
75450BPC MC75450P 


709CE MC1709CG 9637T MC 3486P 7545 1APC MC75451U 

709CH MC1709CF 9638T MC 3487P 75451ATC MC75451P 

709CJ MC1709CP2 9640) MC3443P 75451BRC MC75451U 
710BE MC1710G 9640D MC3443P '75451BTC $N75451BP 

710CE MC1710CG 9640DC MC3440AP 75452ARC MC75452U 

711BE MC1711G 9640NC MC3440AP 75452ATC MC75452P 

711BN MC1711L 9665DC MC 1411L 75452BRC MC75452U 
T11CE MC1711CG 9665PC MC1411P 75452BTC SN75452BP 

711CU MC1711CP 9666DC MC 1412L 75453ARC MC75453U 

723BE MC1723G 9666PC MC 1412P 75453ATC MC75453P 

723CE MC1723CG 9667DC MC1413L 75453BRC MC75453U 
723CU MC1723CL 9667PC MC1413P 75453BTC SN75453BP 

741BE MC1741G 9668DC MC1416L 75454ARC MC75454U 

7418H MC 1741F 9668PC MC 1416P 75454ATC MC75454P 

741BN MC1741L 55107ADM MC55107L 75454BRC MC75454U 
741CE MC1741CG 55107BDM MC55107L 75454BTC SN75454BP 

747BE MC1747G 55108ADM MC55108L 75460DC MC75450L 
747BN MC1747L 55108BDM MC55108L 75460PC MC75450P 
747CE MC1747CG 55110DM MC75S110L 75461RC MC75461U 

748BE MC1748G 55121DM MC8T13L 75461TC MC75461P 

748CE MC 1748CG 55122DM MC8T14L 75462RC MC75462U 

809BE MC1776G 55207DM MC55107L 75462TC MC75462P 

809CE MC1776CG 55208DM MC55108L 75463RC MC75463U 

823AE MC1723G 55325DM MC55325L 75463TC MC75463P 

1458CE MC1458CG 55325FM MCS5325L 75464RC MC75464U 

3232 MC3232AL 75107ADC MC75107L 75464TC MC75464P 

3245 MC3245L 75107APC MC75107P 75491DC MC75491P 
6605J MC3443P 75107BDC MC75107L 75491PC MC75491P 

6605L MC3443P 75107BPC MC75107P 75491ADC MC75491P 
8216 MC8T26AL 75108ADC MC75108L 7549 1APC MC75491P 
8226 MC8T28L 75108APC MC75108P 75492DC MC75492P 
9614DC MC75S110L 75108BDC MC75108L 75492PC MC75492P 

9614DM MC75S110L 75108BPC MC75108P 75492ADC MC75492P 
9615DC MC75108L 75110DC MC75S110L 75492APC MC75492P 
9615DM MC55108L 75110PC MC75S 110P AD301AL LM301AH ° 
9615FM MC55108L 75121DC MC8T13L AD505J MC1776CG 
9616CDC MC1488L 75121PC MC8T13P AD505K MC1776CG 
9616EDC MC 1488L 75122DC MC8T14L AD505S MC1776G 
9616DM MC1488L 75122PC MC8T14P AD509J LM301AH 
961700 MC1489AL 75123DC MC8T23L AD509K LM301AH 
962000 MC75S110L 75123PC MC8T23P AD509S LM101AH 
96200M MC75S110L 75124DC MC8T24L AD518J LM301AH 
96210C MC75108L 75124PC MC8T24P AD518K LM301AH 
9621DM MC55108L 75207DC MC75107L AD518S LM101AH 
9622DC MC75140P 1 75207PC MC75107P AD530 MC1595L 
9622DM MC75140P1 75208DC MC75108L AD531 MC1595L 
9624DC MMH0026CL 75208PC MC75108P AD532J MC1595G 
9624DM MMH0026CL 75325DC MC75325L AD559J/D MC1408L8 

9625DC MMH0026CL 75325PC MC75325P AD559K MC1408L8 

9625DM MMHO0026CL 75450ADC MC75450L AD559KD MC1408L8 

9627CDC MC1489AL 75450APC MC75450P AD559S MC1508L8 
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LINEAR INTEGRATED CIRCUITS CROSS REFERENCE 


AD559SD —CA3054 0 



















MOTOROLA MOTOROLA MOTOROLA MOTOROLA MOTOROLA MOTOROLA 
DIRECT SIMILAR DIRECT SIMILAR DIRECT SIMILAR 

PARTNO. REPLACEMENT REPLACEMENT PARTNO. REPLACEMENT REPLACEMENT PARTNO. REPLACEMENT REPLACEMENT 
AD559SD MC1508L8 AMU5B7741393 MC 1741CG CA1458T MC1458G 
AD580J MC1403U AMU5B7747312 MC1747G CA1558S MC1558U 
AD580K MC 1403P 1 AMU5B7747393 MC1747CG CA1558T MC1558& 
AD580M MC1403AP1 AMU5B7748312 MC1748G CA2111AE MC 1357P 
AD580S MC1503U AMU5B7748393 _MC1748CG CA2111AQ MC1357PQ 
ADS80T MC1503AU AMU5R7723312 MC1723G CA3000 MC1550G 
AD741CJ MC1741CG AMU5R7723393 MC1723CG CA3001 MC1550G 
AD741J MC1741G AMU6A7723312 MC1723L CA3002 MC1550G 
AD741K MC1741G AMU6A7723393 MC1723CL CA3004 MC1550G 
AD741L MC1741G AMU6A7733312 MC1733L CA3005 MC1550G 
AD741S MC1741SG AMU6A7733393 MC1733CL CA3006 MC1550G 
AD7520D MC3410L AMU6A7741312 MC1741L CA3007 MC 1550G 
AD7520F MC3410L AMU6A7741393 MC1741CL CA3008 MC1709F 
AD7520N MC3410L AMU6A7748312 MC 1748G CA3008A MC1709F 
AM26S10DC MC26S10L AMU6A7748393 MC1748CP1 CA3010 MC1709G 
AM26S10PC = MC26S10P AMU6W7747312 MC1747L CA3010A MC1709G 
AM26S11DC MC26S11L AMU6W7747393 MC 1747CL CA3011 MC1590G 
AM26S11PC = MC26S11P CA101AT LM101AH CA3012 MC1590G 
AM725A31T MC 1556G CA101T LM101AH CA3013 MC1357P 
AM166039F LM301AH CA107T LM107H CA3014 MC1357P 
AM166039T LM301AH CA108AS LM108AuJ-8 CA3015 MC1709G 
AMLM101 LM101AH CA108AT LM108AH CA3015A MC1709G 
AMLM101A LM101AH CA108S LM108J-8 CA3016 MC1709F 
AMLM101AD LM101AH CA108T LM108H CA3016A MC1709F 
AMLM101AF LM101AH CA139AG" LM139AJ CA3020 MC1554G 
AMLM101D LM101AH CA139G LM139J CA3020A MC1454G 
AMLM101F LM101AH CA201AT LM201AH CA3021 MC 1590G 
AMLM105 LM105H CA201T LM201AH CA3022 MC 1590G 
AMLM105F LM105H CA207T LM207H CA3023 MC 1590G 
AMLM 105H LM105H CA208AT LM208AH CA3026 CA3054 
AMLM107 LM107H CA208S LM208J-8 CA3028A MC1550G 
AMLM107D LM107H CA208T LM208H CA3028AF MC 1550G 
AMLM107F LM107H CA239AE LM239AN CA3028AS MC1550G 
AMLM111D LM111J CA239AG LM239AJ CA3028B MC1550G 
AMLM111H LM111H CA239E LM239N CA3028BF MC1550G 
AMLM201 LM201AH CA239G LM239J CA3028BS MC1550G 
AMLM201A LM201AH CA301AT LM301AH CA3029 MC1709P2 
AMLM201AD LM201AN CA307T LM307H CA3029A MC1709P2 
AMLM201AF LM201AH CA308AS LM308N CA3030 MC1709P2 
AMLM201D LM201AN CA308AT LM308AH CA3030A MC1709P2 
AMLM201F LM201AH CA308S , LM308H CA3031 MC1712G 
AMLM205 LM205H CA339AE LM339AN CA3032 MC1712CG 
AMLM205F LM205H CA339AG LM339AJ CA3033 MC1533L 
AMLM205H LM205H CA339E LM339N CA3033A MC1533L 
AMLM207 LM207H CA339G LM339J CA3035 MC1352P 
AMLM207D LM207H CA723CE MC1723CP CA3035V 1 MC1352P 
AMLM207F LM207H CA741CS MC1741CP1 CA3037 MC1709L 
AMLM211D LM211J CAT41CT MC1741CG CA3037A MC1709L 
AMLM211H LM211H CATAIS MC1741U CA3038 MC1709L 
AMLM301 LM301AH CA74IT MC1741G CA3038A MC1709L 
AMLM301A LM301AH CA747CE MC1747CL CA3040 MC1510G 
AMLM301AD LM301AJ CA747CF MC1747CL CA3041 MC1351P 
AMLM301D LM301AJ CA747CT MC1747CG CA3042 MC1357P 
AMLM305 LM305H CAT47E MC1747L CA3043 MC1357P 
AMLM305A LM305H CAT47F MC1747L CA3044 MC1364P 
AMLM305F LM305H CAT47T MC1747G CA3044V 1 MC1364P 
AMLM305H LM305H CA748CS MC1748CP1 CA3045 MC3346P 
AMLM311D LM311J-8 CA748CT MC1748CG CA3045F MC3346P 
AMLM311H LM311H CA748S MC1748U CA3046 MC3346P 
AMU3F7733312 MC1733L CA748T MC1748G CA3047 MC1433L 
AMU3F7733393 MC1733CL CATS8E MC1310P CA3047A MC1433L 
AMU3F7748312 MC1748G CA1310E MC1310P CA3048 MC3301P 
AMU3I7741312 MC1741F CA1352E MC1352P CA3052 MC3301P 
AMU3I7741393 MC1741CL CA1391E MC1391P CA3053 MC1550G 
AMU5B7733312 MC1733G CA1394E MC1394P CA3053F MC1550G 
AMU5B7733393 MC1733CG CA1398E MC1398P CA3053S MC1550G 
AMUSB7741312 MC1741G CA1458S MC1458CP1 CA3054 CA3054 
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LINEAR INTEGRATED CIRCUITS CROSS REFERENCE 


CA3056 —DS8897N 





MOTOROLA MOTOROLA MOTOROLA MOTOROLA MOTOROLA MOTOROLA 
DIRECT SIMILAR DIRECT SIMILAR DIRECT SIMILAR 

PARTNO. REPLACEMENT REPLACEMENT PARTNO. REPLACEMENT REPLACEMENT PART NO. REPLACEMENT REPLACEMENT 
CA3056 MC1741CG DM7897J MC3494P DS75107J MC75107L 
CA3056A MC1741G DM7897N MC3494P DS75107N MC75107P 
CA3058 CA3059 DM8820AN MC75140P1 DS75108J MC75108L 
CA3059 CA3059 DM8820J MC75140P 1 DS75108N MC75108P 
CA3064 MC1364P DM8820N MC75140P1 DS75110J MC75S110L 
CA3064E MC1364P DM8822J MC1489AL DS75110N MC75S110P 
CA3065 MC1358P DM8822N MC 1489AP DS75121J MC8T13L 
CA3066 MC1399P DM8837N MC3437P DS75121N MC8T13P 
CA3067 MC1323P DM8838N MC3438P DS75122J MC8T14L 
CA3068 MC1352P DM8861N MC75491P DS75122N MC8T 14P 
CA3070 MC1399P DM8863N MCG75492P DS75123J MC8T23L 
CA3071 MC1399P DM8887J MC3490P DS75123N MC8T23P 
CA3072 MC1323P DM8889J MC3491P DS75124J MC8T24L 
CA3076 MC1590G DM8897J MC3494P DS75124N MC8T24P 
CA3078AS MC1776G DM75491N MC75491P DS75207J MC75107L 
CA3078AT MC1776G DM75492N MC75492P DS75207N MC75107P 
CA3078S MC1776CG DS0026CG MMH0026CG DS75208J MC75108L 
CA3078T MC1776CG DS0026CH MMH0026CG DS75208N MG75108P 
CA3079 CA3059 DS0026CJ MMHO0026CL DS75325J MC75325L 
CA3085 MC1723G DS0026CN DS0026CP1 DS75325N MC75325P 
CA3085A MC1723G DS0026G MMH0026G DS75450J MC75450L 
CAS085AF MC 1723L DS0026H DS0026G DS75450N MC75450P 
CA3085AS MC1723G DS0026J DS0026L DS75451H MC75451U 
CA3085B MC 1723G DS0056CG MMH0026CG DS75451N SN75451BP 
CA3085BF MC1723L DS0056CH MMH0026CG DS75452H MC75452U 
CA3085BS MC1723G DS0056CJ MMHO0C26CL DS75452N SN75452BP 
CA3085F MC 1723L DSO056CN MMH0026CP1 DS75453H MC75453U 
CA3085S MC 1723G DS0056G MMH0026G DS75453N $N75453BP 
CA3086 MC3386P DS0056H MMH0026G DS75454H MC75454U 
CA3086F MC3346P DS0056J MMHO0026L DS75454N SN75454BP 
CA3090AQ MC 1310P DS1488J MC 1488L DS75461H MC75461U 
CA3091D MC1594L DS1488N MC 1488P DS75461N MC75461P 
CA3120E MC1344P DS1489AJ MC 1489AL DS75462H MC75462U 
CA3125E MC 1323P DS1489AN MC1489AP DS75462N MC75462P 
CA3134E TDA1190Z DS1489J MC1489L DS75463H MC75463U 
CA3134EM TDA1190Z DS1489N MC 1489P DS75463N MC75463P 
CA3134QM TDA1190Z DS3486J MC3486L DS75464H MC75464U 
CA3136A MC3346P DS3486N MC3486P DS75464N MC75464P 
CA3137E MC 1323P DS3487J MC3487L DS75491J MC75491P 
CA3139 CA3139 DS3487N MC3487P DS75491N MC75491P 
CA3146 MC3346P DS3612H MC1472U DS75492J MC75492P 
CA3401E MC3401P DS3612N MC1472P 1 DS75492N MC75492P 
CA6078AS MC1776G DS3632H MC1472U DS7837J MC3437L 
CA6078AT MC 1776G DS3632J MC 1472U DS7837W MC3437L 
CA6741S MC1776G 0S3632N MC1472P 1 DS7838J MC3438L 
CA6741T MC 1776G DS3644J MC3245L DS7838W MC3438L 
CA3302E MC3302P DS3644N MC3245P DS7887J MC3490P 
CMP-01CJ MC 1556G DS3650J MC3450L DS7889J MC3491P 
CMP-01CP MC 1556P DS3650N MC3450P DS7897J MC3494P 
DS55CJ MC 1555G DS3651J MC3430L DS8833J MC8T28L 
D3232 MC3232AP DS3651N MC3430P DS8833N MC8T28P 
D3242 MC3242AP DS3652J MC3452L DS8834J MC8T26AL 
03245 MC3245P DS3652N MC3452P DS8834N MC8T26AP 
D8216 MC8T26AL DS3653J MC3432L DS8835J MC8T26AL 
D8226 MC8T28L DS3653N MC3432P DS8835N MC8T26AP 
DAC-01 MC 1506L DS3674J MC3460L DS8837J MC3437L 
DAC-08 MC 1408L8 DS3674N MC3460P DS8837N MC3437P 
DAC-IC10BC §==MC3410L DS55107J MC55107L DS8838J MC3438L 
DM7820AD MC75140P 1 DS55107W MC75107L DS8838N MC3438P 
DM7820J MC75140P 1 DS55108J MC55108L DS8839J MC8T28L 
DM7822J MC 1489AL DS55108W MC55108L DS8839N MC8T28P 
DM7837J MC3437L DS55110J MC75S110L DS8887u | MC3490P 
DM7838J MC3438L DS55121J MC8T13L DS8887N MC3490P 
DM7887J MC3490P DS55121W MC8T13L DS8889J MC3491P 
DM7887N MC3490P DS55122J MC8T14L DS8889N MC3491P 
DM7889J MC3491P DS55122W MC8T14L DS8897J MC3494P 
DM7889N MC3491P DS55325J MC55325L DS8897N MC3494P 
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LINEAR INTEGRATED CIRCUITS CROSS REFERENCE 


HA1199 —LM117H. 





MOTOROLA MOTOROLA MOTOROLA MOTOROLA MOTOROLA MOTOROLA 
DIRECT SIMILAR DIRECT SIMILAR DIRECT SIMILAR 

PARTNO. REPLACEMENT REPLACEMENT PARTNO. REPLACEMENT REPLACEMENT PARTNO. REPLACEMENT REPLACEMENT - 
HA1199 HA1199 LF156JG LF156J LF357L LF357H 
ICB8000C LM111J LF1S56L LF156H LF357N LF357N 
ICB8001C LM111J LF157AH LF157AH LF357P LF357N 
ICB8741C MC1741CG LFIS7AJG LFIS7AJ LHO001ACH MC1776CG 
ICH8500ATV MC1776CG LFIS7AL LF157AH LHOOO1AH MC1776G 
ICH8S00TV MC1776CG LF157H LF157H LHO001ACD MC1776CG 
ICL101ALNDP LM101AH LF157JG LF157J LH0001AD MC1776G 
ICL101ALNFB LM101AH LFAS7L LF15S7H LHO001ACF MC1776CG 
ICLIO1ALNTY LM101AH LF252D LF255J LHO001AF MC1776G 
ICL301ALNPA LM301AH LF255H LF255H LHO002CH MC1538R 
ICL301ALNTY LM301AH LF255JG LF255J LH0002H MC1538R 
ICL741CLNPA MC1741CP1 LF255L LF255H LHO004CH MC1436G 
ICL741CLNTY MC1741CP1 LF255P LF255J LH0004H MC1536G 
ICL741LNDP MC1741L LF256H LF256H LH0042CH MC1776G 
ICL741LNFB MC1741L LF256JG LF256J LH101F MC 1741F 
ICL741LNTY MC1741L LF256L LF256H LH101H MC1741G 
ICL8001CTZ LM111J LF256P LF256J LH201F MC1741F 
ICL8001MTZ LM111J LF257H LF257H LH201H MC1741G 
ICL8007CTA MC1709CG LF257JG LF257J ° LH740ACH LF355H 
ICL8007MTA MC1709CG LF257L LF257H LH740AH LF155H 
ICL8008CPA LM301AN LF257P LF257J LH2101AD MC 1537L 
ICL8008CTY LM301AN LF347N MC34004P LH2101AF MC1537L 
ICL8013A MC 1594G LF347AN MC34004AP LH2201AD MC1537L 
ICL8013B MC 1594G LF347BN MC34004BP LH2201AF MC 1537L 
ICL8013C MC 1594G LF351H MC34001G LH2301AD MC 14374 
ICL8017CTW LM301AN LF351AH MC34001AG LH2301AF MC1437L 
ICL8017MTW LM301AN LF351BH MC34001BG LM100F LM105H 
ICL8021C MC 1776G LF351N MC34001P LM100H LM105H 
ICL8021M MC 1776G LF351AN MC34001AP LM101AD LM101AH 
ICL8022C MC1776G LF351BN MC34001BP LM101AF LM101AH 
ICL8022M MC1776G LF352D LF355J LM101AH LM101AH 
ICL8043CDE MC1776G LF353H MC34002G LM101AJ LM101AJd 
ICL8043CPE MC1776G LF353AH MC34002AG LM101AJ-14 LM191AJ 
ICL8043MDE MC1776G LF353BH MC34002BG LM101AJG LM101AJ 
ICL8048CDE MC 1776G LF353N MC34002P LM101AL LM101AH 
ICL8048DPE MC1776G LF353AN MC34002AP LM101D LM101AJ 
IH5 10 111E MC 1545G LF353BN MC34002BP LM101F LM101AH 
1H5 10 1MIE MC 1545G LF355AH LF355AH LM101H LM101AH 
ITT641 MC 1385P LF355AJG LF355AJ LM101J-14 LM101AJ 
ITT652 MC1411P LF355AL LF355AH LM104F LM104H 
ITT654 MC1412P LF355AP LF355AN LM104H LM104H 
ITT656 MC1413P LF355BH LF355BH LM 104J LM104H 
ITT 1330 MC1330P LF355BJ LF355BJ LM104L LM104H 
ITT 1352 MC1352P LF355BN LF355BN LM 105F LM105H 
ITT3064 MC1364P LF355H LF355H LM105H LM105H 
ITT3065 MC1358P LF355JG LF355J LM105JG LM105H 
ITT3066 MC 1399P LF355L - _LF355H LM105L LM105H 
1TT3701 TDA1190Z LF355N LF355N LM106H MC1710G 
\TT3707 MC1399P LF355P LF355N LM107F LM107H 
ITT3710 MC 1391P LF356AH LF356AH LM 107H LM107H 
ITT3714 MC 1394P LF356AL LF356AH LM107L LM107H 
L144AP LM324N LF356AJG LF356AJ LM108AD LM108AJ 
L201 MC1411P LF356AP LF356AN LM 108AF LM108AF 
L202 MC 1412P LF356BH LF356BH LM108AH LM108AH 
L203 MC1413P LF356BJ LF356BJ LM108AJ LM108J-8 
LD111CJ MC1405L LF356BN LF356BN LM108D LM108J 
LF152D LF155J LF356H LF356H LM108F LM108F 
LFISSAH =» ~—sLFI5SAH LF356JG LF356J LM1G8H LM108H 
LF155AJNG LFISSAJ LF356L LF356H LM109H LM109H 
LF155AL LF1SSAH LF356N LF356N LM 109K LM 109K 
LF155H LF155H LF356P LF356N LM109LA LM109K : 
LF155JG LF155J LF357AH LF357AH LM111D LM1i1J 
LF1S5L LF1S5H LF357BH LF357BH LM111H LM111H 
LF156AH LF1S6AH LF357BJ LF357BJ LM112D MC1556L 
LF1S6AJG LFIS6AJ LF357BN LF357BN LM112F MC1556L 
LF156AL LF156AH LF357H LF357H LM112H MC1556G 
LF156H LF1S6H LF357JG LF357J LM117H LM117H 


LINEAR INTEGRATED CIRCUITS CROSS REFERENCE 


LM117K —LM309H 


MOTOROLA 














MOTOROLA MOTOROLA MOTOROLA MOTOROLA MOTOROLA 
DIRECT SIMILAR DIRECT SIMILAR DIRECT SIMILAR 

PARTNO. REPLACEMENT REPLACEMENT PARTNO. REPLACEMENT REPLACEMENT PARTNO. REPLACEMENT REPLACEMENT 
LM117K LM117K LM201AF LM201AH LM239D LM239J 
LM118D MC1741SL LM201AH LM201AH LM239J LM239J 
LM118F MC1741SL LM201AJ LM201AJ LM240LAH-5.0 MC78LOSACG 
LM118H MC1741SG LM201AJG LM201AJ LM240LAH-6 0 MC78LO6CG 
LM120H-5 0 LM120H-5 0 LM201AL LM201AH LM240LAH-8 0 MC78LO8ACG 
LM120H-5.2 MC7905 2CK LM201AN LM201AN LM240LAH-12 MC78L12ACG 
LM120H-6 0 LM120H-6 0 LM201AP LM201AN LM240LAH-15 MC78L15ACG 
LM120H-8 0 LM120H-8 0 LM201AJ-14 LM201AJ LM240LAH-18 MC78L18ACG 
LM120H-12 LM120H-12 LM201D LM201AJ LM240LAH-24 MC78L24ACG 
LM120H-15 LM120H-15 LM201F LM201AH LM240LAZ-5 0 MC78LOSACP 
LM120H-18 LM 120H-18 LM201H LM201AH LM240LAZ-6 0 MC78LO6ACP 
LM120H-24 LM120H-24 LM201J LM201AJ LM240LAZ-8 0 MC78LO8ACP 
LM120K-5 0 LM120K-5 0 LM201J-14 LM201AJ LM240LAZ- 12 MC78L12ACP 
LM120K-5 2 MC7905 2CK LM204H LM204H LM240LAZ- 15 MC78L15ACP 
LM120K-6 0 LM120K-6 0 LM204F LM204H LM240LAZ- 18 MC78L18ACP 
LM120K-8 0 LM 120K-8.0 LM205F LM205H LM240LAZ-24 MC78L24ACP 
LM120K-12 LM120K-12 LM205H LM205H LM243H MC 1536G 
LM120K-15 LM120K-15 LM206H MC 1710CG LM245K MC7905CK 
LM120K- 18 LM120K- 18 LM207F LM207H LM248D LM248J 
LM120K-24 LM120K-24 LM207H LM207H LM248J LM248J 
LM122F MC1555G LM208AD LM208AJ LM249D MC4741L 
LM122H MC1555G LM208AF LM208AF LM249J MC4741L 
LM124AD LM124J LM208AH LM208AH LM258AH LM258H 
LM124AF LM124J LM208AJ LM208AJ-8 LM258H LM258H 
LM124AJd LM124J LM208D LM208J-8 LM2901N LM2901N 
LM124D LM124J LM208F LM208F LM300F LM305H 
LM124F LM124J LM208H LM208H LM271H MC 1590G 
LM124J LM124J LM209K LM209K LM300H LM305H 
LM125H MC1568G LM209H LM209H LM301AD LM301AJ 
LM126H MC1568G LM211D LM211J LM30 1AF LM301AH 
LM128H MC 1568G LM211H LM211H LM301AH LM301AH 
LM139AD LM139AJd LM212D MC 1556L LM301AJ LM301AJ 
LM139AJ LM139AJ LM212F MC 1556L LM301AJG LM301AJ 
LM139D LM139J LM212H MC 1456G LM301AL LM301AH 
LM139J LM139J LM217H LM217H LM301AN LM301AN 
LM140K-5 0 LM140K-5 0 LM217K LM217K LM301AP LM301AN 
LM140K-6 0 LM140K-6 0 LM218D MC1741SL LM302H LM3 10H 
LM140K-8.0 LM140K-8 0 LM218F MC 1741SL LM304F LM304H 
LM140K-12 LM140K-12 LM218H MC 1741SG LM304H LM304H 
LM140K-15 LM140K-15 LM220H-5 0 MC7905CK LM304J LM304H 
LM140K- 18 LM140K-18 LM220H-5 2 MC7905 2CK LM304L LM304H 
LM140K-24 LM140K-24 LM220H-6 0 MC7906CK LM304N LM304H 
LM140LAH-5 0 MC7&LOSACG LM220H-8 0 MC7908CK LM305AH LM305H 
LM140LAH-6 0 MC78LO6ACG LM220H-12 MC7912CK LM305AJG LM305H 
LM140LAH-8 0 MC78LO8ACG LM220H-15 MC7915CK LM305AL LM305H 
LM140LAH-12 MC78L12ACG LM220H-18 MC7918CK LM305AP LM305H 
LM140LAH-15 MC78L15ACG LM220H-24 MC7924CK LM305F LM305H 
LM140LAH-18 MC78L18ACG LM220K-5 0 MC7905CK LM305H LM305H 
LM140LAH-24 MC78L24ACG LM220K-5 2 MC7905.2CK LM305JG LM305H 
LM143D MC1536G LM220K-6 0 MC7906CK LM305L LM305H 
LM143F MC1536G LM220K-8 0 MC7908CK LM305P LM305H 
LM1t43H MC1536G LM220K- 12 MC7912CK LM306H MC1710CG 
LM145K MC7905CK LM220K-15 MC7915CK LM307F LM307H 
LM148D LM148J LM220K-18 MC7918CK LM307H LM307H 
LM148J LM148J LM220K-24 MC7924CK LM307L LM307H 
LM148F MC4741L LM222H MC1555G LM307N LM307N 
LM149D MC4741L LM224AD M2245 LM307P LM307N 
LM149F MC4741L LM224AF LM224J LM308AD LM308AJ 
LM158AH LM158H LM224AJ LM224J LM308AF LM308AJ 
LM158H LM158H LM224D LM224J LM308AH LM308AH 
LM158JG LM158J LM224F LM224L LM308AH- 1 LM308AH 
LM158L LM158H LM224J LM224J LM308AH-2 LM308AH 
LM163J MC3450L LM225H MC 1568G LM308AJ LM308AJ-8 
LM171H MC1590G LM226H MC 1568G LM308D LM308J 
LM200F LM205H LM228H MC1568G LM308H LM308H 
LM200H LM205H LM239AD LM239AJ LM308N LM308N 
LM201AD LM201AJ LM239AJ LM239AJ LM309H LM309H 


1-14 


LINEAR INTEGRATED CIRCUITS CROSS REFERENCE 


LM309K —LM741J-14 


MOTOROLA MOTOROLA MOTOROLA MOTOROLA MOTOROLA MOTOROLA 
OIRECT SIMILAR DIRECT SIMILAR DIRECT SIMILAR 
PART NO. REPLACEMENT REPLACEMENT PARTNO. REPLACEMENT REPLACEMENT PARTNO. REPLACEMENT REPLACEMENT 
LM309K LM309K LM340K-6 0 LM340K-6 0 LM363N MC3450P 
LM309KC LM309K LM340K-8 0 LM340K-8.0 LM371H MC1590G 
LM309LA LM309K LM340K-12 LM340K- 12 LM376JG LM305H 
LM311D LM311J LM340K-15 LM340K-15 LM376L LM305H 
LM311H LM311H LM340K-18 LM340K-18 LM376N LM305H 
LM311N LM311N LM340K-24 LM340K-24 LM376P LM305H 
LM311N-14 LM311J LM340KC-50 MC7805CK LM386N MC 1306P 
LM312D MC1456L LM340KC-6.0 MC7806CK LM555CH MC1455G 
LM312F MC1456L LM340KC-80 MC7808CK LM5S5CN MC1455P1 
LM312H MC1456G LM340KC-12 MC7812CK LM555H MC1555G 
LM317H LM317H LM340KC-15 MC7815CK LM556CD MC3456L 
LM317K LM317K LM340KC-18 = MC7818CK LM556CJ MC3456L 
LM317P LM317T LM340KC-24 MC7824CK LMSS6CN MC3456P 
LM317T LM317T LM340LAH-5 0 MC78LO5ACG LMS56D MC3556L 
LM3 18D MC1741SCL LM340LAH-6 0 MC78LO6ACG LMS56J MC3556L 
LM318F MC1741SCL LM340LAH-8 0 MC78LO8ACG LM565CH NES65N . 
LM318H MC1741SCG LM340LAH- 12 MC78L12ACG LMS65CN NE565N 
LM318N MC1741SCP1 LM340LAH- 15 MC78L15ACG LM565H NES65N 
LM320H-5 0 LM320H-5 0 LM340LAH-18 MC78L18ACG LM703LN MC1350P 
LM320H-5 2 MC7905 2CK LM340LAH-24 MC78L24ACG LM709AH MC1709AG 
LM320H-6 0 LM320H-6 0 LM340LAZ-5 0 MC78LO5ACP LM709AJ MC1709AL 
LM320H-8 0 LM520H-8 0 LM340LAZ-6 0 MC78LO6ACP LM709CH MC1709CG 
LM320H-12 LM320H-12 LM340LAZ-8 0 MC78LO8ACP LM709CJ MC1709CL 
LM320H-15 LM320H- 15 LM340LAZ-12 MC78L12ACP LM709CN MC1709CP2 
LM320H-18 LM320H- 18 LM340LAZ-15 MC78L15ACP LM709CN-8 MC1709CP1 
LM320H-24 LM320H-24 LM340LAZ-18 MC78L18ACP LM709H MC1709G 
LM320K-5 0 LM320K-5 0 LM340LAZ-24 MC78L24ACP LM709J MC1709L 
LM320K-6 0 LM320K-6 0 LM340T-5 0 MC7805CT LM710CH MC1710CG 
LM320K-8 0 LM320K-8 0 LM340T-6 0 MC7806CT LM710CN MC1710CP 
LM320K-12 LM320K-12 LM340T-8 0 MC7808CT LM710H MC1710G 
LM320K-15 LM320K-15 LM340T-12 MC7812CT LM711CH MC1711CG 
LM320K-18 LM320K- 18 LM340T-15 MC7815CT LM711CN MC1711CP 
LM320K-24 LM320K-24 LM340T-18 MC7818CT LM711H MC1711G 
LM320MP-5 0 MC7905CT LM340T-24 MC7824CT LM723CD LM723CJ 
LM320MP-5 2 MC7905 2CT LM341P-5 0 MC78M05CT LM723CH LM723CH 
LM320MP-6 0 MC7906CT LM341P-6 0 MC78M06CT LM723CJ LM723CJ 
LM320MP-8 0 MC7908CT LM341P-8 0 MC78M08CT LM723CN LM723CN 
LM320MP-12 MC7912CT LM341P-12 MC78M12CT LM723D LM723J 
LM320MP-15 MC7915CT LM341P-15 MC78M15CT LM723H LM723H 
LM320MP-18 MC7918CT LM341P-18 MC78M18CT LM723J LM723J 
LM320MP-24 MC7924CT LM341P-24 MC78M24CT LM733CD MC1733CL 
LM320T-5 0 LM320T-5 0 LM342P-5 0 MC78M05CT LM733CH MC1733CG 
LM320T-5.2 MC7905 2CT LM342P-6 0 MC78MO06CT LM733CJ MC1733CL 
LM320T-6.0 LM320T-6 0 LM342P-8 0 MC78M08CT LM733CN MC1733CP 
LM320T-8 0 LM320T-8 0 LM342P-12 MC78M12CT LM733D MC1733L 
LM320T-12 LM320T-12 LM342P-15 MC78M15CT LM733H MC1733G 
LM320T-15 LM320T-15 LM342P-18 MC78M18CT LM733J MC1733L 
LM320T-18 LM320T-18 LM342P-24 MC78M24CT LM741AD MC1741L 
LM320T-24 LM320T-24 LM343D MC 1436G LM741tAF MC1741F 
LM322H MC1455G LM343H MC 1436G LM741AH MC1741G 
LM322N MC1455P 1 LM345K MC7905CK LM741AJ-14 MC1741L 
LM324AJ LM324J LM348D LM348J LM741CD LM1741CJ 
LM324AN LM324N LM348J LM348J LM741CF LM741CF 
LM324J LM324J LM348N LM348N LM741CH LM741CH 
LM324N LM324N MC3403P LM349D MC4741CL LM741CJ LM741CJ 
LM325AN MC1468L LM349J MC4741CL LM741CJ-14. = LM741CJ-14 
LM325H MC1468G LM349N MC4741CL LM741CN LM741CN 
LM325N MC1468L LM358AH LM358H LM741CN-14 =LM741CN-14 
LM326H MC1468G LM358AN LM358N LM741D LM741J-14 
LM326N MC1468L LMc58H LM358H LM741ED MC1741CL 
LM328AN MC1468L LMcS8JG LM358J LM741EH MC1741CG 
LM328H MC1468G LM358L LM358H LM741EJ MC1741CU 
LM328N MC1468L LM358N LM358N LM741EJ-14 MC1741CL 
LM339AD LM339AJ LM358P LM358N LM741EN MC1741CP1 
LM339AN LM339AN LM363AJ MC3450L LM741F LM741F 
LM339N LM339N LM363AN MC3450P LM741H LM741H 
LM340K-5 0 LM340K-5.0 LM363J MC3450L LM741J-14 LM741J-14 
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LINEAR INTEGRATED CIRCUITS CROSS REFERENCE 


LM746N —ML107T 


MOTOROLA MOTOROLA MOTOROLA MOTOROLA MOTOROLA MOTOROLA 
DIRECT SIMILAR : DIRECT SIMILAR DIRECT SIMILAR 
PARTNO. REPLACEMENT REPLACEMENT PARTNO. REPLACEMENT REPLACEMENT PARTNO REPLACEMENT REPLACEMENT 












LM3071N 
LM3075N MC1375P 
LM3086N MC3386P 


LM75108AJ MC75108L 
LM75108AN MC75108P 
LM75110J MC75S110L 


LM746N 
LM747CD LM747CJ 
LM747CF LM747CF 


MC1323P MC1399P 





LM747CH LM747CH LM3 126 MC1399P LM75110N MC75S110P 

LM747CJ LM747CJ LM3146 MC3346P LM75121J MC8T13L 

LM747CN LM747CN LM3146A MC3346P LM75121N MC8T 13P 

LM747D LM747J LM3301N MC3301P LM75122J MC8T 14L 

LM747F LM747F LM3302J MC3302L LM75122N MC8T14P 

LM747H LM747H LM3302N MC3302P LM75123J MC8T23L 

LM747J LM747J LM3401N MC3401P LM75123N MC8T23P 

LM748CH MC1748CG LM3900N MC3401P LM75124J MC8T24L 

LM748CJ MC1748CU LM3905N MC1455P 1 LM75124N MC8T24P 

LM748CN MC 1748CP1 LM4250CH MC1776CG LM75207L MC75107L 
LM748H MC 1748G LM4250CN MC1776CP1 LM75207N MC75107P 
LM748J MC 1748U LM4250H MC1776G LM75208J MC75108L 
- LM1310N MC1310P LM5525J MC5525L LM75208N MC75108P 
LM1351N MC1351P LM5528J MC5528L LM75324J MC75325L 
LM1391N MC1391P LM5529J MC5529L LM75324N MC75325P 
LM1394N MC1394P LM5534J MC5534L LM75325J MC75325P 

LM1414J MC1414L LM5535J MC5535L LM75325N MC75325L 

LM1414N MC 1414P LM5538J MC5538L LM75450N MC75450P ; 
LM1458H MC 1458G LM5529J MC5539L LM75451N MC75451P 

LM1458J MC 1458U LM7524J MC7524L LM75452N MC75452P 

LM1458N MC1458P1 LM7524N MC7524P LM75453N MC75453P 

LM1458N-14 MC 1458P2 LM7525J MC7525L LM75454N MC75454P 

LM 1488J MC 1488L LM7805KC MC7805CK MC 1310A MC1310P 

LM 1488N MC 1488P LM7806KC MC7806CK MC 1408B MC 1408P8 

LM1489AJ MC 1489AL LM7808KC MC7808CK MC 1408F MC 1408L8 

LM1489AN MC 1489AP LM7812KC MC7812CK ‘ MC 1458JG MC 1458U 

LM1489J MC 1489L LM7815KC MC7815CK MC 1458L MC 1458G 

LM1489N MC 1489P LM7818KC MC7818CK MC 1458P MC1458P 1 

LM1496H MC 1496G LM7824KC MC7824CK MC 1558JG MC 1558U 

LM1496J MC 1496L LM78LO5ACH MC78LO5ACG MC 1558L MC 1558G 

LM1496N MC1496P LM78LO0SACZ MC78LO5ACP MH0026H MMH0026CG 
LM1514J MC1514L LM78L05CH = MC78L05CG MHO0026CH MMH0026CG 

LM1558H MC1558G LM78L05CZ MC78LOSCP MH0026CN MMHO0026CP 1 

LM 1558J MC 1558U LM78LO8ACH MC78LO8ACG MH0026G MMH0026CG 
LM1596H MC 1596G LM78LO8ACZ MC78LO8ACP MH0026CG MMH0026CG 
LM1596J MC1596L LM78L08CH = MC78LO8CG MH0026F MMHO0026CL 
LM 1800AN MC1310P LM78L08CZ MC78LO8CP MHO0026CF MMH0026C 1 
LM 1800N MC 1310P LM78L12ACH MC78L12ACG MIC709-1 MC 1709G 

LM 1805 MC1385P LM78L12ACZ = MC78L12ACP MIC709-5 MC1709CG 

LM 1808N TDA 11902 LM78L12CH = MC78L12CG MiC7 10-10 MC1710G 

LM 1828N MC 1323P LM78L12CZ MC78L12CP MIC710-5C MC1710CG 

LM1841N MC1356P LM78L1SACH MC78L15ACG MIC711-1C MC1711G 

LM1845N MC1344P LM78L15ACZ MC78L15ACP MIC711-5C MC1711CG 

LM 1848N MC1323P LM78L15CH = MC78L15CG MIC7 12-18 MC1712F 

LM 1850N MC3426L LM78L15CZ MC78L15CP MIC712-1C MC1712G 

LM1900D MC3301L LM78L18ACH MC78L18ACG MIC712-1D MC1712L 

LM2111N MC1357P LM78L18ACZ MC78L18ACP MIC7 12-5B MC1712CF 

LM2113N MC 1357P LM78L18CH = MC78L18CG MIC7 12-5C MC1712CG 

LM2900J MC3301L LM78L18CZ MC78L18CP MIC712-5D MC1712CL 

LM2900N MC3301P LM78L24ACH MC78L24ACG MIC723-1 MC1723G 

LM2902J LM2902J LM78L24ACZ MC78L24ACP MIC723-5 MC1723CG 

LM2902N LM2902N LM78L24CH = MC78L24CG MIC741-1C MC1741G 

LM2904N LM2904N LM78L24CZ MC78L24CP MIC741-1D MC1741L 

LM2905N MC 1455P 1 LM55107AJ MC55107L MIC741-5C MC 1741CG 

LM3011H MC 1550G LM55108AJ MC55108L ‘ MIC741-5D MC1741CL 

LM3026 CA3054 LM55109J MC75S110L ML101AF LM101AH 
LM3045 MC3346P LM55110J MC75S110L ML101AM LM101AH 
LM3046N MC3346P LM55121J MC8T13L ML101AT LM101AH 

LM3054 CA3054 LM55122J MC8T14L ML101F LM101AH 
LM3064N MC 1364P LM55123J MC8T23L ° ML101M LM101AH 
LM3065N MC 1358P LM55124J MC8T24L ° ML101T LM101AH 

LM3066N MC 1399P LM55325N MC55325L ML107F LM107H 
LM3067N MC 1323P LM75107AJ MC75107L ML107M LM107H 
LM3070N MC1399P LM75107AN = MC75107P ML107T LM107H 
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LINEAR INTEGRATED CIRCUITS CROSS REFERENCE 


ML108AF —OP-08B 





MOTOROLA MOTOROLA MOTOROLA MOTOROLA MOTOROLA MOTOROLA 
DIRECT SIMILAR DIRECT SIMILAR DIRECT SIMILAR 

PARTNO. REPLACEMENT REPLACEMENT PART NO. REPLACEMENT REPLACEMENT PARTNO. REPLACEMENT REPLACEMENT 
ML108AF MC1556G ML741AT MC1556G N5747F MC1747CL 
ML108AM LM108AJ ML741CP MC1741CP2 N5748A MC 1747CG 
ML108AT LM108AH ML741CS MC1741CP1 N5748T MC1748CG 
ML108M LM108J ML741CT MC1741CG N8T13B MC8T13P 
ML108T LM108H ML741F MC1741F N8T13P MC8T13L 
ML111M LM111J ML741M MC1741L N&T14B MC8T14P 
ML111S LM111J ML741T MC 1741G N8T14E MC8T14L 
MLAUIT LM111H ML747CP MC1747CL N8T15A MC 1488L 
ML118F MC1741SG ML747CT MC1747CG N8T15F MC 1488L 
ML118M MC1741SG ML747F MC1747F N8T16A MC 1489L 
ML118T MC17418G ML747M MC1747L N8T23B MC8T23P 
ML201AF LM201AH ML747T MC1747G N8T23E MC8T23L 
ML201AM LM201AH ML748CP LM301AN N8T24B MC8T24P 
ML201AT LM201AH ML748CS LM301AN N8T24E MC8T24L 
ML201F LM201AH ML748CT MC1748CG N8T26AB MC8T26AP 
ML201M LM201AH ML748F MC1748G N8T26AE MC8T26AL 
ML201T LM201AH ML748M MC 1748G N8T26B MC8T26AP 
ML207F LM207H ML748T MC1748G N8T28B MC8T28P 
ML207M LM207H ML1436T MC1436G N8T37A MC3437P 
ML207T LM207H ML1437P MC1437P N8T38A MC3438P 
ML208AF MC1556G ML1458P MC1458P2 N8T95B MC8T95P 
ML208AM LM208AJ ML1458S MC 1458P1 N8T95F MC8T95L 
ML208AT LM208AH ML1458T MC1458G N8T96B MC8T96P 
ML208M LM208J ML1488M MC1488L N8T96F MC8T96L 
ML208T LM208H ML1489AM MC1489AL N8T97B MC8T97P 
ML211M LM211J ML1489M MC1489L N8T97F MC8797L 
ML211S LM211N ML1536T MC1536G N8T98B MC8T98P 
ML211T LM211H ML1537M MC1537L N8T98F MC8T98L 
ML218F MC1741SG ML1558M MC 15581. NESO1A _  MC1733CL 
ML218M MC1741SG ML1558T MC1558G NESO1K MC 1733CG 
ML218T MC1741SG ML3046P MC3346P NES15A MC 1420G 
ML301AP LM301AN ML4250T MC1776G NE515G MC 1520F 
ML301AS LM301AN ML4250CS MC1776CG NES15K MC 1420G 
ML301AT LM301AH ML4250CT MC1776CG NES16A MC 1420G 
ML301P LM301AN ML4251T MC1776G NES16G MC 1520F 
ML301S LM301AN ML4251CS MC1776CG NES16K MC 1420G 
ML301T LM301AN ML4251CT MC 1776CG NE531G MC 1439G 
ML307P LM307H ML6503M MC1537L NES31T MC 1439G 
ML307S LM307N ML7503M MC1437L NE531V MC 1439P 
ML307T LM307H NS5065A MC1358P NE533G MC 1776CG 
ML308AM LM308AJ N50708 MC1399P NES33T MC 1776CG 
ML308AT LM308AH NSO71A MC1399P NE533V MC1776CG 
ML308M LM308J N5072A MC1323P NES37G MC 1456G 
ML308T LM308H N5S56T MC1456G NES37T MC 1456G 
ML311M LM311J N5556V MC1456P1 NES40L MC 1554G 
ML3114P LM311J NS558F MC1458L NES5OA MC 1723CP 
ML311S LM311N . | N5S58T MC1458G NESSOL MC 1723CG 
ML311T LM311H N5558V MC1458P 1 NESS5JG MC1455U 
ML318M MC1741SCP 1 N5595A MC1495L NESSSL MC1455G 
ML318T MC1741SCG N5S95F MC1495L NESSSP MC1455P 1 
ML709AF MC1709AF N5596A MC1496L NESSST MC1455G 
ML709AM MC1709AL NS5S96K MC1496G NESS5V MC1455P 1 
ML709AT MC1709AG N5709A MC1709CP2 NESS6A MC3456P 
ML709CP MC1709CP2 N5709G MC1709CF NESS61 MC3456L 
ML709CT MC1708CG N5709T MC1709CG NES65A _ NES6SN 
ML709F MC1709F N5709V MC1709CP1 NES65K NES65N 
ML709M MC1709L N5710A MC1710CP NES92A NE592A 
ML709T MC1709G N5710T MC1710CG | NE5S92K NE592K 
ML723CF MC1723CL NS5711A MC1711CP OP-01C MC 1536 
ML723CM MC1723CL N5711K MC1711CG OP-01G MC 1536 
ML723CP MC1723CL N5723A MC1723CP OP-01H MC 1536 
ML723CT MC1723CG N5723T MC1723CG OP-01J MC 1536G 
ML723F ° MC1723L N5733K MC1733CG OP-01L MC 1536G 
ML723M MC1723L N5741A MC1741CP2 OP-01P MC 1536P 
ML723T MC1723G N5741T MC1741CG OP-08 MC 1776 
ML741AF MC1556G N5741V MC1741CP1 OP-08A MC 1776 
ML741AM MC1556G N5747A MC1747CL OP-08B MC 1776 
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LINEAR INTEGRATED CIRCUITS CROSS REFERENCE | 


OP-08C —SG208AM 





MOTOROLA MOTOROLA ' MOTOROLA MOTOROLA MOTOROLA MOTOROLA 
DIRECT SIMILAR DIRECT SIMILAR DIRECT SIMILAR 

PARTNO. REPLACEMENT REPLACEMENT PARTNO. REPLACEMENT REPLACEMENT PARTNO. REPLACEMENT REPLACEMENT 
OP-08C MC1776 RC75110DP = =MC75S110P SE533G MC1776G 
OP-08E .,  MC1776 RC75325DD = =MC75325L SE533T MC1776G 
PA239A MC1303P REF-01CJ C1404U10 SE537G MC 1556G 
RC702T MC1712CG REF-01DJ C1404U10 SE537T MC1556G 
RC709D MC1709CL REF-01J C1504AU 10 SESSOL MC1723G 
RC709DN MC1709CP1 REF-O1HJ C1404AU 10 SES55JG MC1555U 
RC709DP MC1709CP2 REF-02CJ C1404U5S SES55L MC1555G 
RC709T MC1709CG REF-02DJ C1404U5 SE555T MC1555G 
RC710DC MC1710CL REF-02HJ C1404AU5 SES56A MC3556L 
RC710DP MC1710CP REF-02J C1504AU5 SE565A MLMS65CP 
RC710T MC1710CG RM702Q MC1712F SE565K MLM565CP 
RC711DC MC1711CL RM702T MC1721G SE592A SES592L 
RC711DP MC1711CP RM709D MC1709L SE592K SES92G 
RC711T MC1711CG RM709Q MC1709F $G100T MC1723G 
RC723D MC1723CL RM709T MC1709G SG101AD LM101AH 
RC723T MC1723CG RM710D MC1710L SG101AT LM101AH 
RC733D MC1733CL RM710T MC1710G SG101J LM101AH 
RC733T MC1733CG RM711DC MC1711L SG101T LM101AH 
RC741D MC1741CL RM711T MC1711G $G104T LM104H 
RC741DN MC1741CP1 RM723D MC1723L SG105N LM105H 
RC741DP MC 1741CP2 RM723T MC1723G $G105T LM105H 
RC741Q MC1741CF RM733D MC1733L $G107J LM107H 
RC741T MC1741CG RM733T MC1733G $G107T LM107H 
RC747D MC1747CL RM741D MC1741L SG108AJ LM108AJ 
RC747T MC1747CG RM741DP MC1741P SG108AT LM108AH 
RC748T MC1748CG RM741Q MC1741F $G108J LM 108J 
RC14140C MC1414L RM741T MC1741G $G108T LM108H 
RC1414DP MC1414P RM747D MC1747L $G109K LM 109K 
RC1488DC MC1488L RM747T MC1747G $G109T LM109H 
RC1489ADC = =©MC1489AL RM748T MC1748G $G111D LM111J 
RC1489DC MC1489L RM1514DC MC1514L SG111T LM111H 
RC8&T130D MC8T13L RM1537D MC1537L SG118J MC1741SL 
RC1437D MC1437L RM4136D MC3503L $G118T MC1741SG 
RC1437DP MC1437P RM4136J MC3503L SG120K-05 LM120K-05 
RC1458DN MC1458P1 RM4195T MC 1568G $G120K-5 2 MC7905.2CK 
RC1458T MC1458G RM4195TK MC 1568R $G120K-12 LM 120K-12 
RC1556T MC1456CG RM4558D MC4558U $G120K-15 LM120K-15 
RC1558T MC1558G RM4558JG MC4558U SG120T-05 LM120T-05 
RC3302DB MC3302P RM4558L MC4558G SG120T-5 2 MC7905 2CK 
RC4131DP MC 147 1SCP1 RM4558T MC4558G SG120T-12 LM120T-12 
RC4131T MC 1741SG RM55107AD =MC55107L $G120T-15 LM120T-15 
RC4136D MC3403L RM553250DD }=©MC55325L $G124J LM124J 
RC4136DP MC3403P RV3301DB MC3301P $G140K-05 LM140K-5 0 
RC4136J MC3403L S8T13E MC8T 134. SG140K-06 LM140K-6 0 
RC4136N MC3403P S8T14E MC8T 14L $G140K-08 LM140K-8 0 
RC4195T MC 1468G $5556T MC1556G $G140K-12 LM 140K-12 
RC4195TK MC1468R S5558E MC 1558L » 1 SG140K-15 LM140K-15 
RC4444R MC3416L $5558T MC1558G SG140K-18 LM 140K-18 
RC4558DN MC4558CP1 S5596F MC1596L SG140K-24 LM 140K-24 
RC4558JG MC4558CU $5596K MC1596G SG200T MC1723G 
RC4558L MC4558CG , $5709G MC1709F $G201AD LM201AH 
RC4558P MC4558CP1 $5709T MC1709G SG201AM LM201AN 
RC4558T MC4558CG $5710T MC1710G S$G201AN LM201AN 
RC8T13MP MC8T13P $5711K MC1711G SG201AT 1M201AH 
RC8T14DD MC8T14L $5723T MC1723G $G201J LM201AH 
RC8T14MP MC8T14P $5733K MC1733G $G201M LM201AN 
RC&T23DD MC8T23L $5741T MC1741G SG201N LM201AN 
RC8T23MP MC8T23P SES501K MC 1733G SG201T LM201AH 
RC8T24DD MC8T24L SE515G MC1520F S$G204T LM204H 
RC8T24MP MC8T24P SE515K MC 1520G SG205N LM205H 
RC75107AD =MC75107L SE516A MC1520G S$G205T LM205H 
RC7S107ADP MC75107P SES516G MC1520F $G207J LM207H 
RC75108AD =MC75108L SE516K MC 1520G SG207M LM207H 
RC75108ADP MC75108P SE528E : MC1544L SG207N LM207H 
RC75109D MC75S110L SE528R MC1544L $G207T LM207H 
RC75109DP MC75S110P SE531G MC 1539G SG208AJ LM208AJ 
RC75110D MC75S110L SE531T MC1539G SG208AM LM208AJ-8 
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LINEAR INTEGRATED CIRCUITS CROSS REFERENCE 


SG208AT —SG3501AT 


PART NO. 
SG208AT 
$G208J 
$G208M 
$G208T 
$G209K 
$G209T 
$G211D 
$G211M 
$G211T 
$G218J 
$G218M 
$G218T 
$G224J 
$G224N 
SG300N 
$G300T 
$G301AD 
$G301AM 
$G301AN 
$G301AT 
$G304T 
SG305AT 
SG305N 
$G305T 
$G307J 
$G307M 
$G307N 
$G307T 
SG308AJ 
S$G308AM 
SG308AT 
$G308J 
$G308M 
$G308T 
$G309K 
SG309T 
$G311D 
$G311M 
$G311T 
$G318J 
$G318M 
$G318T 
$G320K-05 
$G320K-5 2 
SG320K-12 
$G320K-15 
$G320T-05 
$G320T-5 2 
SG320T-12 
$G320T-15 
$G324J 
SG324N 
$G340K-05 
S$G340K-06 
SG340K-08 
SG340K-12 
SG340K-15 
S$G340K-18 
S$G340K-24 
SG555CM 
SG555CT 
SG5S5T 
SG556CJ 
SGS5S6CN 
SG556J 
SG556N 
$G710CD 


MOTOROLA 


DIRECT 


LM208AH 
LM208J 
LM208J-8 
LM208H 
LM209K 
LM209H 
LM211J 
LM211N 
LM211H 


LM224J 
LM224N 


LM301AN 


LM301AH 
LM304H 


LM305H 
LM307N 


LM307H 
LM308AJ 
LM308AN 
LM308AH 
LM308J 
LM308N 
LM308H 
LM309K 
LM309H 
LM311J 
LM311N 
LM311H 


LM320K-5.0 


LM320K-12 
LM320K-15 
LM320T-5 0 


LM320T-12 
LM820T-15 
LM324J 

LM324N 

MC7805CK 
MC7806CK 
MC7808CK 
MC7812CK 
MC7815CK 
MC7818CK 


MC7824CK , 


MC1455P1 
MC1455G 
MC1555G 
MC3456L 
MC3456P 
MC3556L 
MC3556L 
MC1710CL 


MOTOROLA 


SIMILAR 


REPLACEMENT REPLACEMENT 


MC 1741SL 
MC1741SL 
MC 1741SG 


MC 1723CP 
MC 1723CG 
LM301AH 
LM301AN 
LM305H 
LM305H 
LM307N 


LM307N 


MC1741SCL 
MC1741CP1 
MC1741CG 


MC7905 2CK 


MC7905.2CT 


PART NO. 
SG710CN 
$G710CT 
$G7 10D 
SG710N 
$G710T 
$G711CD 
$G711CN 
$G711CT 
$G711D 
SG711N 
$G711T 
$G723CD 
$G723CN 
SG723CT 
$G723D 
$G723T 
$G733CD 
SG733CN 
$G733CT 
$G733D 
SG733N 
SG733T 
$G741CD 
SG741CF 
SG7410M 
SG741CN 
SG741CT 
$G741D 
SG741F 
SG741T 
SG741SCM 
SG741SCT 
SG741ST 
$G747CJ 
SG747CN 
SG747CT 
$G747J 
$G747T 
$G748CD 
SG748CM 
SG748CN 
SG748CT 
$G748D 
$G748T 
SG777CJ 
SG777CM 
SG777CN 
SG777CT 
SG777J 
SG777T 
SG1118AJ 
SG1118AT 
$G1118J 
$G1118T 
$G1217 
$G1217J 
$G1217T 
$G1250T 
$G1401N 
$G1401T 
$G1402N 
$G1402T 
$G1436CT 
$G1436M 
$G1436T 
$G1456CT 


MOTOROLA 


MOTOROLA 


OIRECT SIMILAR 


REPLACEMENT REPLACEMENT 


MC1710CP 

MC1710CG 

MC1710L 

MG1710C0P 

MC1710G 

MC1711CL 

MC1711CP 

MC1711CG 

MC1711L 

MC1711CP 

MC1711G 

MC1723CL 

MC1723CP 

MC1723CG 

MC1723L 

MC1723G 

MC1733CL 
MC1733CP 

MC1733CG 

MC1733L 
MC1733L 

MC1733G 

MC1741CL 

MC1741CF 

MC1741CP1 

MC1741CP2 

MC1741CG 

MC1741L 

MC1741F 

MC1741G 

MC1741SCP1 

MC1741SCG 

MC1741SG 

MC1747CL 

MC1747CP2 

MC1747CG 

MC1747L 

MC1747G 
MC 1748CP1 
MC 1748CP 1 
MC1748CP1 

MC1748CG 
MC1748G 

MC1748G 
LM308AJ 
LM308AN 
LM308AN 
i M308AH 
LIA108AJ 
LM108AH 
LM 108AJ 
LM 108AH 
LM 108J 
LM108H 
MC1741G 
MC1741SL 
MC1741SG 
MC1776G 
MC1533G 
MC1533G 
MC1594L 
MC1594L 

MC1436CG 

MC1436U 

MC1436G 

MC1456CG 
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PART NO. 
SG 1456T 
$G1458M 
$G1458T 
$G1468J 
SG1468N 
$G1468T 
$G1495D 
$G1495N 
$G1496D 
$G1496N 
$G1496T 
$G1501AD 
SG1501AT 
$G1501D 
$G1501T 
$G1502D 
$G1502N 
$G1503 
$G1524J 
$G1536T 
SG1556T 
$G1558T 
$G1595D 
$G1596D 
$G1596T 
$G1660D 
$G1660J 
$G1660M 
$G1660T 
$G1760D 
SG1760F 
$G1760J 
$G1760M 
$G1760T 
$G2118AJ 
$G2118AM 
SG2118AT 
$G2118d 
$G2118M 
$G2118T 
$G2250T 
$G2401N 
$G2402N 
$G2402T 
$G2501AD 
$G2501AT 
$G2501D 
$G2501N 
$G2501T 
$G2502D 
$G2502N 
$G2502T 
$G2503 
$G2524J 
$G3118Ad 
$G3118AM 
$G3118AT 
$G3118J 
$G3118M 
$G3118T 
$G3250T 
SG3401N 
$G3401T 
$G3402N 
$G3402T 
$G3501AD 
$G3501AT 


MOTOROLA 
DIRECT 


MOTOROLA 
SIMILAR 


REPLACEMENT REPLACEMENT 


MC 1456G 
MC 1458P1 
MC 1458G 
MC 1468L 
MC 1468L 
MC 1468G 
MC 1495L 
MC 1495L 
MC 1496L 


MC 1496G 


MC 1568L 
MC 1568G 


MC 1503U 


MC 1536G 
MC 1556G 
MC 1558G 
MC 1595L 
MC 1596L 
MC 1596G 


MC1468L 
MC 1468L 
MC 1468G 


MC 1403AU 


MC 1468L 
MC 1468G 


MC 1496L 


MC 1568L 
MC 1568G 


MC 1568L 
MC 1568L 


MC3520L 


LM301AH 
LM308J 
LM308N 
iLM308H 
LM307H 
LM307H 
LM308J 
LM&08N 
LM308H 
LM208AJ 
LM208AJ-8 
LM208AH 
LM208J 
LM208J-8 
LM208H «. 
MC1776G 
MC1433G 
MC 1494L 
MC 1494L 
MC1468L 
MC 1468G 


MC 1468L 
MC 1468L 
MC 1468G 


MC3520L 
MLM308AL 
MLM308AP 1 
MLM308AG 
MLM308L 
MLM308P 1 
MLM308G 
MC1776G 
MC1433G 
MC1433G 
MC1494L 
MC1494L 





| LINEAR INTEGRATED CIRCUITS CROSS REFERENCE | 


$G3501D —SN75127N 








MOTOROLA MOTOROLA MOTOROLA MOTOROLA MOTOROLA MOTOROLA 
DIRECT SIMILAR DIRECT SIMILAR ' DIRECT SIMILAR 

PARTNO. REPLACEMENT REPLACEMENT PART NO.‘ REPLACEMENT REPLACEMENT PARTNO. REPLACEMENT REPLACEMENT 
$G3501D MC1468L SN52709AFA MC1709AF SN72702L MC1712CG 
$G3501N MC1468L SN52709AJ MC1709AL SN72709J MC1709CL 
$G3501T MC1468G SN52709AL MC1709AG SN72709L MC1709CG 
$G3502D MC1468L SN52709FA MC 1709F SN72709N MC1709CP2 
$G3502G MC 1468G SN52709J MC1709L SN72709P MC1709CP1 
$G3502N MC 1468L $N52709L MC1709G SN727 10J MC1710CL 
$G3503 MC1403U $N52710FA MC 17 10F SN727 10L MC1710CG 
$G3524J MC3420L $N527 10J MC1710L SN72710N MC1710CP 
$G4250CM MC1776CP1 $N52710L MC1710G $N727 11d MC1711CL 
$G4250CT MC1776CG SN52711FA MC1711F ° $N727 11L MC1711CG 
$G4250T MC1776G $N52711J MC1711L $N72711N MC1711CP 
$G4501D MC 1468L SN52711L MC1711G SN72720J MC1710CL 
$G450 1N MC1468L SN52723FA MC 1723F SN72720L MC1710CG 
$G4501T MC1468G $N52723J MC1723L SN72720N MC 1710CP 
$G7805CK MC7805CK $N52723L MC1723G $N72723J MC1723CL 
$G7805K MC7805CK $N52733J MC1733L $N72723L MC1723CG 
SG7806CK MC7806CK $N52733L MC1733G SN72733J MC1733CL 
SG7806K MC7806CK $N52741FA MC 1741F $N72733L ° MC1733CG 
SG7808CK MC7808CK SN52741J MC1741L SN72741FA MC1741CF 
$G7808K MC7808CK SN52741L MC1741G SN72741J MC1741CL 
$G7812CK MC7812CK SN52747FA MC1747F SN74741L MC1741CG 
$G7812K MC7812CK $N527474 MC1747L SN72741N MC1741CP2 
$G7815CK MC7815CK SN52747L MC 1747G SN72741P . MC1741CP1 
SG7815K MC7815CK SN52748L MC 1748G SN72747FA MC1747CF 
$G7818CK MC7818CK SN52770L MC1556G $N72747J MC1747CL 
$G7818K MC7818CK SN52771L MC1556G SN72747L MC1747CG 
SG7824CK MC7824CK SN52810FA MC 1710F SN72747N MC1747CP2 
$G7824K MC7824CK $N52810J MC1710L SN72748L MC1748CG 
SH0013HC MMH0026CG SN52810L MC1710G SN72748P MC1748CP1 
SHO013HM MMH0026G SN52811FA MC1711F SN72770L MC 1456G 
SH2001FC MC75462P $N52811J MC1711L SN72771L MC 1456G 
SH2001FM MC75462P SN52811L MC1711G $N72810J MC1710CL 
SH2001HC MC75462P SN55107AJ MC55107L SN72810L ; MC1710CG 
SH2001HM MC75462P_ $N55107BJ MC55107L SN72810N MC1710CP 
SH2002FC MC75462P SN55108AJ MC55108L $N72811J MC1711CL 
SH2002FM MC75462P $N55108BJ MC75108L SN72811L MC1711CG 
$H2002HC MC75462P $N55109J MC75S110L SN72811N MC17110P 
SH2002HM MC75462P $N55110J MC75S110L $N72905 MC7905CT, 
SH2002HC MC75462P SN55244J) MC1544L SN72906 MC7906CT 
SH2200FC MC75462P SN55325J MC55325L $N72908 MC7908CT 
SH2200FM MC75462P SN72301AL LM301AH SN72912 MC7912CT 
SH2200HC MC75462P SN72301AP LM301AN SN72915 MC7915CT 
SH2200HM MC75462P SN72304L LM304H SN72L022P LM358N 
SH2200PC MC75462P SN72305AL LM305H SN72L044JA LM324N 
SH8090FM MC 1508L8 SN72305L LM305H SN72L044N LM324N 
SNSS10FA MC 1510F SN72306J MC 1710CL SN75107AJ MC75107L 
SN5510L MC1510G SN72306L MC1710CG SN75107AN MC75107P 
SN52101AL LM101AH SN72306N MC1710CP $N75107BJ MC75107L 
SN52104L LM101H $N72307L LM307H $N75107BN MC75107P 
SN52105L LM105H SN72308AL LM308AH SN75108AJ MC75108L 
SN52106J MC1710L SN72308L LM308H SN75108AN MC75108P 
SN52106L MC1710G SN72S09L LM309H $N75108BJ MC75108L 
$N52107L LM107H $N72311L LM311H $N75108BN MC75108P 
SN52108AL LM108AH $N72311P LM311N SN75121J MC8T13L 
SN52108L LM108H SN72376L LM305H $N75121N MC8T13P 
$N52109L LM109H SN72440J MC3370P $N75122J MC8T14L 
$N52510J MC1710L SN72440N MC3370P SN75122N MC8T14P 
SN52510L ° MC1710G $N72510J MC1710CL $N75123J MC8T23L 
$N52514J MC1514L SN72510L MC1710CG SN75123N MC8T23P 
SN52555L MC1555G SN72510N MC1?710CP $N75124J MC8T24L 
SN52558L MC 1558G $N72514J MC1414L SN75124N MC8T24P 
SN52702AFA MC1712F SN72514N MC1414P SN75125J MC75125L 
SN52702AJd MC1712L SN72555L MC 1455G SN75125N MC75125P 
SN52702AL MC1712G SN72555P MC 1455P1 SN75126J MC3481/5L 
SN52702FA MC 17 12F SN72558L MC 1458G SN75126N MC3481/5P 
$N52702J MC1712L SN72558P MC 1458P 1 SN75127J MC75127L 
SN52702L MC1712G $N72702J0 MC1712CL $N75127N MC75127P 
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| LINEAR INTEGRATED CIRCUITS CROSS REFERENCE | 

















SN75128J -- TL494CN 
MOTOROLA MOTOROLA MOTOROLA MOTOROLA 
DIRECT SIMILAR DIRECT SIMILAR 
PART NO REPLACEMENT REPLACEMENT PARTNO. REPLACEMENT REPLACEMENT PART NO 
SN75128J MC75128L SN76130N MC1303P TBA9S20 
SN75128N MC75128P SN76131N MC 1303P TBA920 
SN75129J MC75129L SN76149N MC1303P TBAS920S 
SN75129N MC75129P SN76242N MC1399P TBA940 
SN75138N MC3443P SN76243N MC1399P TBA950 
$N75138J MC3443P SN76246N MC1323P TBA990 
$N75 140P MC75140P 1 SN76298N MC1398P TBA1190Z 
SN75150J MC 1488L SN76514L MC 1496G TDA1190Z 
SN75150N MC 1488P SN76514N MC 1496P TDA2002 
SN75154J MC1489L SN76564N MC 1364P TLO22CJG 
SN75154N MC 1489P SN76565N MC1364P TLO22CL 
SN75188J MC 1488L SN76591P MC1391P TLO22CP 
SN75188N MC1488P SN76594P MC 1394P TLO22MJG 
SN75189AJ MC1489AL SN76600P MC 1350P TLO22ML 
SN75189J MC 1489L SN76642N MC 1357P TLO44CJ 
SN75189AN MC 1489AP SN76644N MC 1352P TLO44CN 
SN75189N MC 1489P SN76650N MC 1352P TLO44MJ 
$N75207J MC75107L SN76651N MC 1351P TLO71ACJG 
SN75207N MC75107P SN76653N MC 1352P TLO71ACL 
SN75208J MC75108L SN76660N MC1357P TLO71ACP 
SN75208N MC75108P SN76665N MC1364P TLO71BCJG 
SN75261N MC3245L SN76666N MC1358P TLO7 1BCL 
SN75322N MC3245P SN76669N MC 1356P TLO71BCP 
$N75362P MMHO0026CP SN76675N MC1375P TLO71CJG 
SN75365J MC75365L SN76678P MC1355P TLO7 ICL 
SN75365N MC75365P SSS101AL LM101AH TLO71CP 
SN75368J MC75368L SSS101AJ LM101AH TLO72ACJG 
SN75368N MC75368P $$$ 107J LM107H TLO72ACL 
$N75369P MMHO0026CP 1 $S$107P LM107H TLO72ACP 
SN75450AJ MC75450L SSS201AJ LM201AH TLO72BCJG 
SN75450AN MC75450P SSS201AL LM201AH TLO72BCL 
SN75450BN MC75450P $SS201AP LM201AN TLO72BCP 
SN75450N MC75450P $8S207J LM207H TLO72CJG 
SN75451AP MC75451P $SS207P LM207H TLO72CL 
$N75451P MC7545 1P $SS301AJ LM301AH TLO72CP 
SN75452P MC75452P * SSS301AL LM301AH TLO74ACJ 
$N75453P MC75453P $SS301AP LM301AN TLO74ACN 
SN75454P MC75454P $$S741BJ MC1741G TLO74BCJ 
SN75460AJ MC75460L SSS741BL MC1741F TLO74BCN 
SN75460AN MC75460P $8874 1BP MC1741P2 TLO74CJ 
SN75461 MC75461 $$S741CJ MC1741CG TLO74CN 
SN75461AP MC75461P SSS741CL MC 1741CF TLO81ACJG 
$N75462 MC75462 $8S741CP MC 1741CP2 TLO81ACL 
SN75462AP MC75462P $SS741GJ MC1741SG TLO81ACP 
$N75463 MC75463 $SS741GP MC1741SG TLO81BCUG 
SN75463AP MC75463P SSS741J MC1741G TLO81BCL 
SN75464 MC75464 SSS741L MC1741F TLO81BCP 
SN75464AP MC75464P $SS741P MC 1741P2 TLO81CJG 
SN75466J MC1411L $$S747B2 MC 1747F TLOSICL 
SN75466N MC1411P $SS747BP MC1747L TLO8 1CP 
SN75467J MC 1412L $SS747CK MC1747CG TLO82ACJG 
SN75467N MC 1412P $SS747CM MC 1747CF TLO82ACL 
SN75468J MC1413L $8S747CP MC1747CL TLO82ACP 
SN75468N MC 1413P $SS747GK MC1747G TLO82BCJG 
SN75475P MC1472P 3 $SS747GM MC 1747F TLO82BCL 
SN75475JG MC 1472U $SS747GP MC1747L TLO82BCP 
SN75491N MC75491P $$S747L MC1747F TLO3 2CJG 
SN75492N MC75492P $$S747P MC1747L TLO82CL 
SN76000P MC1306P $SS1408A-6Z MC1408L6 TLO82CP 
SN76104N MC1310P $SS1408A-7Z MC1408L7 TLOB4ACJ 
SN76105N MC1310P $SS1408A-8Z MC1408L8 TLO84ACN 
SN76111N MC 1310P SSS 1458J MC 1458G TLO84BCJ 
SN76113N MC1310P SSS1508A-8Z MC1508L8 TLO84BCN 
SN76115N MC1310P $$$ 1558J MC1558G TLO84CJ 
SN76116N MC1310P TAA630 MC1327P TLO84CN 
SN76117N MC1310P TBA120S MC1358P TL494CJ 
TBA440 MC1352P TL494CN 


MOTOROLA 
DIRECT 


MOTOROLA 
SIMILAR 


REPLACEMENT REPLACEMENT 


TBA1190Z 
TDA11902 
TDA2002 


TL494CJ 
TL494CN 


MC 1327P 
MC1391P 
MC1391P 
MC1344P 
MC 1344P 
MC 1327P 


LM358J 
LM358H 
LM358N 
LM158J 
LM158H 
LM324J 
LM324N 
LM124J 
MC34001BU 
MC340018G 
MC34001BP 
MC34001AU 
MC34001AG 
MC34001AP 
MC34001U 
MC34001G 
MC34001P 
MC34002BU 
MC34002BG 
MC34002BP 
MC34002AU 
MC34002AG 
MC34002AP 
MC34002U 
MC34002G 
MC34002P 
MC34004BL 
MC34004BP 
MC34004A 
MC34004AP 
MC34004L 
MC34004P 
MC34001BU 
MC34001BG 
MC34001BP 
MC34001AU 
MC34001AG 
MC34001AP 
MC34601U 
MC34001G 
MC34001P 
MC34002BU 
MC34002BG 
MC34002BP 
MC34002AU 
MC34002AG 
MC34002AP 
MC34002U 
MC34002G 
MC34002P 
MC34004BL 
MC34004BP 
MC34004AL 
MC34004AP 
MC34004L 
MC34004P 


LINEAR INTEGRATED CIRCUITS CROSS REFERENCE 


TL495CJ —pA732DC 





MOTOROLA MOTOROLA MOTOROLA MOTOROLA MOTOROLA MOTOROLA 
DIRECT , SIMILAR DIRECT SIMILAR DIRECT SIMILAR 
PART NO REPLACEMENT REPLACEMENT PARTNO REPLACEMENT REPLACEMENT PARTNO. REPLACEMENT REPLACEMENT 
TL495CJ TL495CJ ULS2139D MC1539G uASSSHC MC 1455G 
TL495CN TL495CN ULS2139G MC 1539G pASSSHM MC1555G 
TL497CJ MC3420L - ULS2139H MC1529L wASSSTC MC 1455P1 
TL497CN MC3420P ULS2139M MC1439P 1 nA5S6DC MC3456L 
TL497MJ MC3520L ULS2151D MC1741G uASS6DM MC3556L 
UDNS711M MC 1471P1 ULS2151G MC1741F pASS6PC MC3456P 
UDN5712M MC 1472P 1 ULS2151H MC 1744L uA702DC MC1712CL 
UODNS713M MC 1473P1 ULS2151M MC1741CP 1 uA702DM MC1712L 
UDN57 14M MC 1474P 1 : ULS2156D MC 1556G uA702FM MC 1712F 
UDN-6144A MC3490P ULS2156G MC 1556G pAT02HC MC1712CG 
UDN-6 164A MC3490P ULS2156H MC 1556G uA702HM MC1712G 
UDN-6 184A MC3490P ULS2156M MC 1556G uA702MJ MC1712L 
UDN-7 183A MC3491P ULS2157A MC1558L wATO2ML MC 1712G 
UDN-7 184A MC3491P ULS2157H MC 1558L nA709ADM MC1709AL 
UDN-7 186A MC3491P ULS2157K MC 1558G uATOQAFM MC 1709AF 
UHD-490 MC3494P uA0802DC-1 MC1408L8 uAT09AHM MC1709AG 
UHD-494 MC3494P_ uA0802DC-2. MC1408L7 uA709AMJ MC170SAL 
UHP-490 MC3494P uA0802DC-3 MC 1408L6 wAT09AMJG = MC1709AU 
UHP-49 1 MC3494P HA0802DM-1 MC1508L8 uATO9AML MC1709AG 
UHP-495 MC3490P uA0802PC-1 MC1408P8 uAT09CJ MC1709CL 
ULN2001A ULN2001A uA0802PC-2. MC1408P7 wA709CJG MC1709CU 
ULN2002A ULN2002A uA0802PC-3 MC1408P6 wATO9CL MC1709CG 
ULN2003A ULN2003A uA101AD LM101AJ uA709CN MC1709CP2 
ULN2004A ULN2004A wAI01AF LM101AJ uA709CP MC 1709CP 1 
ULN2111A MC 1357P uA101AH LM101AH wA709DC MC1709CL 
ULN2111N MC 1357PQ wA101D LM101AJ uA709DM MC1709L 
ULN2113A MC 1357P uA101F LM101AJ nAT09FM MC 1709F 
ULN2113N MC1357P uA101H LM101AH nAT09HC MC 1709CG 
ULN2114A MC 1323P uA104HM LM104H uATOSHM MC1709G 
ULN2114K MC 1323P uA105HM LM105H uATOSMJ MC1709L 
ULN2114N MC 1323P wA107H LM107H uATO9MJG MC 1709U 
ULN2120A MC1310P uA108AD LM108AJ wA709ML MC1709G 
ULN2 121A MC 1310P HAIO8AF LM108AF uA709TC MC1709CP1 
ULN2122A MC 1310P uA108AH LM108AH uA709PC MC1709CP2 
ULN2124A MC 1399P uA108D_ . LM108J uA710DC MC1710CL 
ULN2 125A MC 1344P nA108F LM 108F uA710DM MC1710L 
ULN2127A MC 1399P uA108H LM108H wA7IOHC MC1710CG 
ULN2128A MC1310P nwA109KM LM 109K uA710HM MC1710G 
ULN2136A MC1356P uA201AD LM201AJ uA710PC MC 1710CP 
ULN2139D MC 1439G wA201AF LM201AJ wA711DC MC1711CL 
ULN2139G MC 1439G nA201AH LM201AH nA711DM MC1711L 
ULN2139H MC 1439P2 #A2010 LM201AJ wA711HC MC1711CG 
ULN2 139M MC 1439P 1 wA201F LM201AJ wA711HM MC1711G 
ULN2151D MC1741CG uA201H LM201AH wA711PC MC17110P 
ULN2151G MC1741CF . wA207H LM207H wA715DC MC1741SCL 
ULN2 151H MC 1741CP2 nA208AD LM208AJ uA715DM MC1741SL 
ULN2151M MC1741CP4 pA208AF LM208AF wAT1SHC MC1741SCG 
ULN2156D MC 1456G nA208AH LM208AH wA715HM MC1741SG 
ULN2 156G MC 1456G uA208D LM208J wA723CJ MC1723CL 
ULN2 156H MC 1456G pA208F LM208F pA723CL MC1723CG 
ULN2 156M MC 1456G uA208H LM208H wAT230N MC1723CP 
ULN2157A MC 1458P2 nA209KM LM209K wA723DC uA723DC 
ULN2 157H MC1458P2 uA301AD LM301AJ uA723DM MC 1723L 
ULN2 157K MC 1458G uA301AH LM301AH HwA7T23HC uA723HC 
ULN2 165A MC1358P HA301AT LM301AN pA723HM MC1723G 
ULN2 165N MC1358PQ : pA304HC LM304H wA723MJ MC1723L 
ULN2209A MC1356P uASOSHC LM305H wA723ML MC1723G 
ULN2210A MC1310P nA30SHC LM305H wA723PC uA723PC 
ULN2224A MC1324P uA307H LM307H uA725AHM LM108AH 
ULN2228A MC1323P uA307T LM307N uAT25EHC LM308AH 
ULN2244A MC1310P #A308AD LM308AJ wAT29HC LM308AH 
ULN2262A MC1399P #A308AH LM308AH uAT25HM LM108AH 
ULN2264A MC1364P uA308D LM308J wA7T27HC MC 1420G 
ULN2267A MC1323P uA308H LM308H uA727HM MC1520G 
ULN2298A MC 1398P pA3OSKC LM309K wAT30HC MC 1420G 
ULN2741D MC17410G wASTIT LM311N uA730HM MC 1520G 
ULN2747A MC1747CL vA37ETC LM305H wA7320C MC1310P 


1-22 


LINEAR INTEGRATED CIRCUITS CROSS REFERENCE 


wA732PC —pA78LOSACLP 





MOTOROLA MOTOROLA MOTOROLA MOTOROLA MOTOROLA MOTOROLA 
DIRECT SIMILAR DIRECT SIMILAR DIRECT SIMILAR 
PART NO. REPLACEMENT REPLACEMENT PARTNO. REPLACEMENT REPLACEMENT PARTNO. REPLACEMENT REPLACEMENT 
pAT32PC MC1310P pA748HC MC1748CG nA1458CTC MC1458CP 1 
pA733CJ MC1733CL pAT48HM MC1748G uA1458E MC1458G 
pAT33CL MC 1733CG uA748MJ MC1748L pA1458HC MC1558G 
pAT330N MC1733CP uA748MJG MC1748U uA1458P MC1458P 1 
nA733DC MC1733CL pAT48ML MC1748G uA1458RC MC1458U 
uA733DM MC1733L HA7T48TC MC1748CP1 wA1458TC MC1458P 1 
uAT33FM MC1733F pA749DC MC1435L wA1558E MC1558G 
pA733HC MC1733CG pAT49DHC MC1435G uA1558HM MC1558G 
pA733HM MC1733G nA7490M MC1535L wA2136PC MC1356P 
pA733MJ MC1733L nA749HC MC1435G uA2240DC MC1455U 
pAT33ML MC 1733G HATS3TC MC1356P uA2240DM MC 1555G 
#A734DC LM311J HATS4HC MC1355P pA2240PC MC1455P 1 
HA734DM LM311J uA754TC MC1355P nA3026HM CA3054 
pAT34HC LM311H uA7570€ MC1350P uA3045 MC3346P 
uAT34HM LM311H wA7S7DM MC1350P uA3046DC MC3346P 
uAT40HC LF355H wA758DC MC 1310P uA3054DC CA3054P 
pAT40HM LF155H HA758PC MC 1310P pA3064PC MC1364P 
nwA7T41ADM MC1741L #A767DC MC1310P nA3065PC MC1358P 
nwAT41AFM MC1741F HA767PC MC1310P uA3086DM MC3386P 
uA741AHM MC1741G uA772 MC1741S #A3301P MC3301P 
pA741CJ MC1741CL nA775DC LM339J uA3302P MC3302P 
uA741CJG MC1741CU HA775DM LM339J pA3303P MC3303P 
HAT41CL MC 1741CG BATTSPC - LM339N nA3401P MC3401P 
uAT41CN MC1741CP2 nA77EDC MC1776CG uA3403D MC3403L 
wAT41CP MC 1741CP1 wAT76DM MC1776G uA3403P MC3403P 
uA741DC HA741DC uA7TTEHC MC1776CG HA4136DC MC4741CL 
nwAT41DM MC1741L pA776HM MC 1776G nA4136DM MC4741L 
wAT41EDC MC1741L pATTETC MC1776CP1 wA4136PC MC4741CP 
nA7T41EHC MC1741G nA777CJ LM308AJ-8 wA4558HC MC4558CG 
pAT41FC MC1741CF nA777CJG LM308AJ-8 nA4558HM MC4558G 
uA741FM MC1741F HATTICL LM308AH wA4558TC MC4558CP1 
wA7T41HC wAT41HC nATTICN LM308AN nAT80SCKC MC7805CT 
uA741HM MC1741G nA777CP LM208AN nA7805KC MC7805CK 
HA741MJ MC1741L uA7770C LM308AJ-8 yATB05KM MC7805K 
uA741MJG MC1741U uA777HC LM308AH uA7805UC MC7805CT 
wAT41ML MC1741G pA7T7MJ LM108AJ-8 nwA7806CKC MC7806CT 
HA741RC MC1741CU #ATT7MJG LM108AJ-8 nA7806KC MC7806CK 
nAT41RM MC1741U HAT77ML LM108AH nA7806KM MC7806K 
nAT41PC MC1741CP2 uAT771C LM308AN uA7806UC MC7806CT 
nAT41TC uAT41TC #A780DC MC1399P uA7808CKC MC7808CT 
uA742DC CA3059 nA780PC MC1399P uA7808KC MC7808CK 
#A746DC MC1323P wA781DC MC1399P nA7808KM MC7808K 
wAT46HC MC1323P nA781PC MC 1399P HA7808UC MC7808CT 
nA747ADM MC1747L #A7T86DC MC 1327P wAT812CKC MC7812CT 
uA747AHM MC1747G nA787PC MC 1399P pA7812KC MC7812CK 
wAT4TCJ MC1741CL HA791KC MC 1438R wA7812KM MC7812K 
wAT47CL MC1747CG pAT91KM MC1538R uA7812UC MC7812CT 
uAT470ON MC1747CP2 pAT91PS MC1438R uwA7T815CKC MC7815CT 
uA7470C MC1747CL uA796HC MC1496G pA7815KC MC7815CK 
uA7470M MC1747L nATI6HM MC1596G wA7815KM MC7815K 
wA747EDC MC 1747CCBM nA796DC MC 1496L wA7815UC MC7815CT 
pA747EHC MC1747CICM nA796DM MC1596L uA7818CKC MC7818CT 
uA747HC MC1747CG pwA798HC MC3458G uA7818KC MC7818CK 
uA747HM MC1747G nA798HM MC3558G uA7818KM MC7818K 
uA747MJ MC1747L nwA798RC MC3458U nA7818UC MC7815CT 
HAT47ML MC1747G uA798RM MC3558U wA7824CKC MC7824CT 
HA7T47PC MC1747CP2 nAT98TC MC3458P 1 pA7824KC MC7824CK 
HAT48AFM MC1748F nA799HC MC1741G wA7824KM MC7824K 
uA748AHM MC1748G #A79SHM MC1741G nA7824UC MC7824CT 
pAT48CJ MC1748CL pA1312PC MC1312P yA78GHM LM117K 
uAT48CJG MC1748CU wA1314PC MC1314P uA78GKC LM117K 
HwA748CL MC 1748CG pA1315PC MC1315P uAT8GKM LM117K 
nA7T48CN MC1748CP2 #A1391PC MC1391P nA7T8GUIC LM317T 
nA748CP MC1748CP1 #A1394PC MC1394P wATBHOSKC MC7805CK 
nA748DC MC1748CL pA1458CHC MC1458CG nA7TB8LO2ZACJG MC78L02ACG 
uA748DM MC1748L pA1458CP MC1458CP1 nATBLOSACIG MC78LO05ACG 
pAT48FM MC1748F nA1458CRC MC1458CU HA7TBLOSACLP = MC78LOSACP 


LINEAR INTEGRATED CIRCUITS CROSS REFERENCE 


uA7BLOSAHC —yA8T1I3PC 
























MOTOROLA MOTOROLA MOTOROLA MOTOROLA MOTOROLA MOTOROLA 
DIRECT SIMILAR DIRECT SIMILAR DIRECT SIMILAR 
PARTNO REPLACEMENT REPLACEMENT PARTNO. REPLACEMENT REPLACEMENT PARTNO. REPLACEMENT REPLACEMENT 
HATBLOSAHC }==MC78LO5ACG #A7902UC MC7902CT uAT9M24HM MC7924CK 
wA7TBLOSAWC = MC78LOSACP nA7T90SKC MC7905CK HATIM24UC MC7924CT 
uAT8LOSCJG MC78L0SCG nATSOSKM MC7905CK uABT 13DC MC8T13L 
uATBLOSCLP ==©MC78LO5CP wA7T905UC MC7905CT nABT13PC 


nATBLOSHC MC78L05CG 
wA78LOSWC = MC78LOSCP 


wA7S06KC MC7906CK 
uATSOBKM MC7906CK 


wA7TBLO6ACJG MC78LO6ACG HAT906UC MC7906CT 
uATBLOGACLP MC78LO6ACP : pAT908KC MC7908CK 
nA78LO6CJG MC78L06CG pA7T908KM MC7908CK 
nATBLOGCLP = MC78LO6CP pA7908UC MC7908CT 
pA7BLOBACJG MC78LO08ACG HAT912KC MC7912CK 
pA78LO8ACLP MC78LO8ACP nAT912KM MC7912CK 
nA78LO8CJG MC78L08CG wA7912UC MC7912CT 
uATBLO8CLP = _MC78LO8CP HATS ISKC MC7915CK 
uATBLIZACJG MC78L12ACG uAT91SKM MC7915CK 


uATBLI2ZACLP ~MC78L12ACP 

pATBLI2ZAHC = MC78L12ACG 

HATBLIZAWC = MC78L12ACP 

wATBL12CJG MC78L12CG 
wATBL12CLP = MC78L12CP 

uA78L12HC MC78L12CG 

pAT8LI2WC = MC78L12CP 

uAT8LISACJG MC78L15ACG 
uA78LISACLP MC78L15ACP 

uATBLISAHC }==MC78L15ACG 

uATBLISAWC ==MC78L15ACP 

uA78L15CJG MC78L15CG 
uA7BLISCLP =MC78L15CP 

uATBLISHC MC78L15CG 

wATBLISWC = MC78L15CP 

uATBL26AWC ==MC7802ACP 


uA7915UC MC7915CT 

HAT918CKC = MC7918CT 

pA7918KC MC7918CK 

uA7918KM MC7918CK 
uA7918UC MC7918CT 

uA7924CKC = MC7924CT 

pAT924KC MC7924CK 

uAT924KM MC7924CK 
uA7924UC MC7924CT 

wAT9LOSAHC = MC79LO5ACG 
uA7T9LOSAWC MC79LO5ACP 

wA7T9LOSHC = MC79L05CG 

wA79LO5WC = MC79L05CP 

HATSLI2AHC = MC79L12ACG 
pAT9L12AWC =MC79L12ACP 

wAT9L12HC = MC79L12CG 


uw A7T8MGHC LM317H HATOLI2WC = MC79L12CP 
pA78MGT2C LM317T HATOLISAHC §= MC79L15ACG 
uAT8MGUI1C LM317T HATSLISAWC =MC79L15ACP 


uA7T8MOSCKC }=MC78M0SCT 

wA7T8MOSHC = MC78M05CG 

uA78MOSHM MC78M05CG 
wAT8MOSUC §=— MC78M05CT 

uA7T8MO6CKC =MC78MO06CT 

uAT8MO6HC = MC78M06CG 

uA78MO6HM MC78MO06CG 
uATBMO6UC =MC78MO06CT 

yATBMO8CKC =MC78M08CT 

wA7T8M08HC = MC78M08CG 

uA78M08HM MC78M08CG 
uAT8MO8UC = MC78M08CT 

wAT8M12CKC }=MC78M12CT 

wAT8M12HC }=— MC78M12CG 

uwA78M12HM MC78M12CG 
wA7T8M12UC = MC78M12CT 

wAT8M1ISCKC }=MC78M15CT 

uAT8M1SHC = MC78M15CG 

pwA78M15HM MC78M15CG 
wAT8M15UG = MC78M15CT 
wAT8M18HC = MC78M18CG 

uA78M18HM MC78M 18CG 
vA7T8M18UG = MC78M18CT 

uAT8M20CKG }=MC78M20CT 

uA78M20HC = MC78M20CG 

uA7T8M20HM MC78M20CG 
wAT8M20UG =MC78M20CT 

wATBM24CKC =MC78M24CT 

uA78M24HC = MC78M24CG 

nA78M24HM MC78M24CG 
pA7T8M24UC = MC78M24CT 

nAT902KC MC7902K 

nAT902KM MC7902K 


HATOLISHC MC79L15CG 

wATOLISWC = MC79L15CP 

nATIMOSAHM MC7905CK 
nwATIMOSAUC MC7905CT 
HATOMOSCKC §=©MC7905CT 

#A7TSM0SHM MC7905CK 
uA79M0SUC MC7905CT 
pATIMOGAHM MC7906CK 
uATIMO6AUC MC7906CT 
uATIMOBCKC ~=MC7906CT 

uA79M06HM MC7906CK 
nwATIMO6UC MC7906CT 
nwA79M08AHM MC7908CK 
nwATSMO8AUC MC7908CT 
uATIMO8CKC MC7908CT 

nA79M08HM MC7908CK 
nwA79M08UC MC7908CT 
uA79M12AHM MC7912CK 
nwAT9M12AUC MC7912CT 
wAT9M12CKC =MC7912CT 

nwA79M12HM MC7912CK 
pA79M12UC MC7912CT 
pAT9M1SAHM MC7915CK 
pA79M15AUC MC7915CT 
HATOMISCKC }=MC7915CT 

pA7T9M15HM MC7915CK 
HAT9M15UC MC7915CT 
nA79M18AHM MC7918CK 
pA7T9M18AUC MC7918CT 
uA7T9M18HM MC7918CK 
»A79M18UC MC7918CT 
nA79M24AHM MC7924CK 
pAT9M24AUC MC7924CT 


1-24 
























































































































































































































































. ‘ é : a eS ee ie ae 
ys $8 : ~ sos z s . 2 * x . = a 7 Bae 
BS * pre: ee “as 7 2 ra ‘ ee 
EP ok 7 * . : “ ® & , ds 3 os He Seg 25 5 r ‘. . ae 
Bi oe 7 . ee one ee : a Oe : é a ¢ be Fe ES i: a: goo ee ‘ ae 
Be ok Bs “4 a Re 2 > oe ae > 2 es as 3 “ : . seo) . x fee Ag gS 
. ey. o % ake 3 . * . a ats a a F * > & si : = i 8 4 +s a8 aed If geo 
mee 4 , x ‘; > ’ $ » = - 2 5 ¥ & = g - . 2 = ee 
ee ae Re > : ° : Sy Bike SK s one : m $45 : . Bis 8 eg 
eeu a . : - Se oy Sp oes s S ee AD 5 as a ss ‘ Bea 2 + aS 
ee oe So geal ea .. fx Bs H ie : ‘ : ag ‘: . ae * ° 5 a : # geen 
i * > ae Se Nig s 3 * > * F x s e Ene 
Pol og 3g : s 2 2 f58. - os 3 . Dew : cae 4 2 - : : 
ao bh 3 : “ z a 4 ma ae : x gor Rt oe > . ae : . sgn 
he aie 4 fe : get 7 4 28 gk 5 is e ‘3 ; ae oa : rane 
gb oe s ; = a Soe Re 48 PEO Awe Be “Sea adine : a8 ag howe coat - - oe pe ae 
ne s = beg ~ < 8 2 = 3 ss > : ode e Me . . Py € 
eo ae a, fe tes » vey Z rane 3 2 an q ~ iz » ese re 
eis xs ~ aes i ad <4 ara ng e “f - r ‘ m as * zg . 
MEPL Fg ok x “53 = se at vee * wo wy = Fe + 2 & 
bes * . 4 eS _* f gn g Bios Buy - 3 . oe . was > ae 
acareae | * x . Poy : : > © ‘ 4 BR 
eR aS aoe s Fe i : oF 2 : Me 2 = - t 
fa & FG z 3 3 ue : 2 ‘ : > ¢ pbs Sn SE. Bae as ae FE 
‘ 4 KOS RD ott . eae ae ee bu Palen 8 a ox hgw oe aa 
BS ios 2 
sy od * 3 aM etetegeeme Se OMRON a, EER re seen s a : aa rey, So ae ne Bang eee beg BFE aE, q 
$ : Ae Cr ead CO ae ee eee ASE. SE SE Oe ener rg : we ES nk ORO Sy Oe SESE RL eres Ag : 
Oo ce ee re eee nies Fat "Segeeay eed oo Lesatgte Sereda es. wouge avn nglioah wees a es g eee eer ie i 
Do c * = ee gore En ¥ N x ¥ é 
ERE SS @ a oar or ® eg ‘ ‘ . an ae nae 
q a re 5 Me ig OS a Rae 3 s 2! = : . ce * 3 eee eee ae 
Be TS ‘ 8 - nh 4 . so > ey ag wt = eS oe + FP BSS 
YR Se he See = ee 2 aa a ° S Fa Be: s sm ase $ a8 = ob Be Seen veces 
ee i % eo Sy ger ona sie ; Me 8 igi +h * — ~ on en we 8 ; es nel > hs 68» “Reg sree 
ar F x a ach f ee ‘ : 28 : : 
SpE vy 5 Sika Be a ka € a ° = ie * a 2 * eX PV 
Bb ¢g Y . i a 5 rd ae fe * sy * eas. * Pes x ‘e ae tie oe S Bn s a # SE. ‘3 bee ak ge ~ -3 Ba ds mene 
ff 8 SS 38 . P s a3 cd Py é rae ae. ’ : . r, 5 4 SY 2 & mprserpzarere 
oe abe 2. = * - a ~ & ‘ - gg id ed Sa x e 7 & 2 “ ¢* $3 3 ba 
Pe us Oo ee Masti z ns ocr are Zh a 2S i: a oe yt? oa 4 
wi oS - ia Ss e ran 3 ave foe a Paes 3 eS, bi _ 3 - : 3 Ee 
SOBs c i . : xe i - Seo eS » es = ae s 
Paks fs SEG EES ® : 8 Ee . - - Ree 
+ 2 - me - {EO oo < z ' ree . aa ane : re % fe 2? -* oe 
Pea 5 se 88 fe . E = ‘, rai = uo: f, ai fe .. ” = > Pa 8 . tif ee ae 
ria : ce nr a i = mr? Foe ‘ St 38 ” i 4 : <4 o EPL TY 
Ba : an oy : < ee , 4 “ 7 3 ae C 
ge a | : wg i an % ‘. A Par ‘an $ PRR A as . 2 “ , 5 ptr ore oe NE 
BE J : *. 3 ; ey ‘ é st ow ey, Se 18 ah ; 5 ore : : ee S 
Re ° a > Sek ee ee . : ete 2 »: ee ak eer) 8 
Powe gs . 7 . 7 tee. Re al ke rs 2 owe > : * am tale * ’ 
Gy oe : . - ae F yo, rae Lethe 7 4 z &. & . 
de 8 i ? ‘1 toe - i a ‘ é : . ~ > * oo, . 
a ia & . 7 e 4 : ‘ betes : , zy = . 
Fe a 4 e Bae Sees cee a “ fey 8 way 8 ee Vy 3 aides. 3Roae 2. a we 3 ® nbn, Aiwiee ig he OR ‘ Sb otewe ee . aha Se 2 o 8 dew 
B » > 2 z as E 4 n : 
ey} Goer erie oe ww mtg Pooverereg —— peren as 8 ateenars we omanremieee Fagen acess, «vores § sears eis, atone net 23, 6S PEROT Tae arenes Sey dames « 2 SPP NSP eee Pe POOR 
* S : a we eo ag 7 . . “e rae & Po peo e Jay ges taggin gS casey és ngea i wi Cag. saseses 
Bes : 7? 4 TT Peralta S GAC IEE ARNE preter LEKTG FATT RMT e RG LNT CI CAEL PERE Es ect ly MOREL ERNE ARTS TE hitiganndl 4s pyro E809 vr «eee , 
: g * ~ ¢ . } © eos . 3 1 ES stesepitone se etn FF Sree oe * % bn ce eS ee i pagpe  preen $ Spero ms Fe rgawmstorns stmenepenyrneny £4 MOHAN T HPA Sg ed tk cee ee SE 
. - < 3 we yt i . * yy : 7-5 Y ; Bs “Be 7 : * ‘ 4 Be 
se x oe Z Bs _ a Be. 2 or ? ; a? a aS Cre or 2S sua Cg OE A J 2 
: x ae + 3 ’ ae ee F. ees , & a 8 xe Sete nn by RSE 
it ee 8s Ny ¥ 7 er. es Boies ] F aes oly a ne JPA MEN TO . 
5 . : @® gwen FE : . Si Waceat | : egies £4 germs? i a soca aide ee ete, 2. after act Siw SA OM 
; oF . d Sa i tans be aS By ech a a : ie at Ly : 
meg i es a a ee cians? omg FR Ie | F Bonen x 2 te me Bye : im ae a oak = $$ -B6n, , pte Tey fo thems rs 
: wi &, seve Fm pram eeten emis Be eon EEG wea Zo Pe Arana fe Soe ne FP mreeeme se Lae Oe GF Bitten = PES TETED NT , a 
sk : z Fprx BR Ne, we gas H * ene Ret Ben * x 
a at ¢ war eet gto £ br spe $30 * €?f0¢ ROR RMS SONA T RD, eB ‘ 
R “ 22 tees ei ied uo ers ie anna a eel 4 i See aaa ¥ wey, sAgiowegy POEL ON 
*%, i 2 gute. San Pe > : cs A om a Fg se Bove : at re te Sp Ae 
Hae cpRs ¢ . a) - 7 38 Whk oct eee ¥ Bee . ; 
§ a ety 2 2 Re gwevereg ore 4 ae Ba gree ee om Te per poet IS ae we ¥ dys aioe Re Eee wes 
ca & 7 iy oe an * 5 at ms nse Fe op . we 
zl a 2 A eeageern tien sppenpeps F SL e a y a ek i oa Be a sre fe wee SER TER PSY pt ite “3, SA Ie oy Red EOS rs om veatass wee Beaded 9 “PROS 
. . a os nw & eit ae mtn - et ’ 7 ann bye eons ce Babs oe ‘ re Roun wee i oye AB se 
g, bh 7 Aer gee ene, S394 pwn. rex B etwmrm f a oe mae Reagtnce Sao oe a akan pee hepa reese wera fe tery ‘gucrena st ~4 eee geet, She a FOE Sas 
SE A 0 a RE aaa oe et See 4 ganar A Seng oo ye wef gee © He oy ee * rer erg oe bce wpe Kio pier ge gee bry aan pis te on gee 8 pe hates Bite ve ac ne amatongy 0 Seg Ze rete ny Eg, pees 
ached a * * - : a > Se grtee : 
; SE ater me - og Creare Poe : y Pose & a * ‘f Cae * ; wns ww % wage mg sg fom FS we maters 
wo teed: Ee eek NRE Ete MRS SS Redcat & a? She EOF st de, eres pepe Ret * i SEP ene 9 Beta MESES ea amme Sg ier 
Bato wong 2 coger eggee A seme at Ae e 5 © Elev ant A 3 TE ag phe = 6 oom - Beary ast ae 5 ves eer | meter: teKe Faves set eeg a fg mee eentha aye ‘ 
Oe PP wave y & F hawewmr er & ‘ Sake ow ’ € a8 Ramey : At estes Doma f - ONS we fer ee ve 4g RE A PS tee exit ii Richi 
Sgt wet coe m gy F B33 “@isg g ceed : ata 
I Peat ge fe t a . ii 3S prsreven pes were oe rms g EES Rg a ng Smee RF mntnRED Ne og (ere ia veewne F wid ers ven premernan oe cognate eet YS Raton Athen y Arretee 
Melee es oT See eS *% eos : i: ’ . ? 
(ees 2 fan ge atte ge ues URpATe aH womteg F 3 SB wy e prereres ee 0 H gh ee 38 seaenseniwnen ot 40 ohm 8 0 EE sak ane gh, RMN inure ange fF Seon ors 
Uae aceon. DD css 2 ys Roe is sommes & Aten 3 dope g dovasrery croerg gwd 
a4 a : erat Fovermeag | greta SP EY EE ae beans, de MENS cere «Meo Psy i oe & s¢ ¢ g 
wna, oe eS Std: ter gee 0 & £ Pec ye ws Ne v é oe ar ge Ras TS fi 22 24 
3 Bt PEFR FES Be hae ee og oe gs yee fay 2 ou y wml aigorde = 2 oman e | Ad Sty ho Ss ee a are ae oe 5 ; 
* “ge . 2s Be. ae ie geug, & & s peta: te | een g ee & vA; 
‘ 3 34 & “4 & Sk a Bde = 3% vs 22% : ey Ef “gS 8 ER 
ARN wR om s S we F apntty > RE Se oh e os 2 setepoegae & SPR eo t Cel ale A eh a gH de? oo nei one ‘4 A & Wey 
g Trias 3 ws 9 Ee baad re %y ae FR Os eed & 3 ‘ * Meee % ao es Sa em, Fo fe oe : 
& s @: ye * , wag Bess ry sy a » & es ‘ Ye Po $ og’ ‘ id 12 23 e i 
i s .«? eg OS PB fF ow & & a’ € > £8 wee 2. # a 2 Hy Be - re an 
GM agg 3 os ere 9 oe Ge BR aE monet eg yee af Sewer Soe ph Bae OF ee & ahnlamern af a 2 ee eee a s 
3 a, > Bb pines Ad Peeters eg 2S Re ADE ne woe ° ; . se ge ee : Ss fxs z= a ane Eg * 
ys 500 2a neenend Et i a Ee Guns Oe a 2 : : 4 & €& pedigree gy ged P47 Eg LQ a : 
K ae Pe eee ant Cee nr «g § Fv BR bene ‘ 4g > gy a. oe, evtponds 7» SxG are Sk eae ee’ eh 
ah, ae es . sweety Poy Sagem 8 2} nme 2 hang ov soe | aoe BF g ghwece te Fg PO a, wee Rg gwen SE gk Fhe eg oi 
: weg Ses bt 3 be * s ° £¢ soe 8 3 _ 
Hoe ousys 2°: eee oe © poser aes So joeesr cen, Gk Bs prpenctnnn wet & RO Beto : 8 gonegpanngs 3,7 8 2 St wep e igen “ee q* feormarre ts Sosyenen vennaed y B a, 
es EEE marke NO i ae G SOMES | eS SESS ‘ ae aor a ° fof ay) bauer She sean wry PR ge m aes sare gee * 
3 2 tans gon msamme € 2 5, aiid Hy Sptoats Nag weet sane > ga e 4 Eg meneenes, yt Syopriggtem ag ge MENTE g COUNT am WP NERY * » & ge ge Boeowrwwse See Cog a seemiccdtig aN Peery, we ea I € 
ar’ % CO ee gk Soh RS Te REY shai ees | BX ‘ ae aon paaniesecal a Sea ee ee SE See Nehal Ry gs oS eae ee PEP Set 
3g ot ay U% - P pra ccwme nor 2 5 BO Fy ymren goo ° 2 ti a gat egeeayas B'S ME on F 2 Fx & he reese ame % wresees siege ret. eee ge a ¢ 4 8 
3 POEL, POOL Be eH SCS ae Pa oe ee ca eens rel § : Re ene rs © eae: ad ph ene ASSET & ios ars 
2 Shey + our fe , . AS Bag A es é, wt : 2 Boe Se Amd a”, , gon PE 
Pe By Som, a ae oe was ao) ME 48 ee & ge Ol} aie = ‘ Soacentis fof 3 ia % eth g weg toe pe spe oon fF ae 
nS i Ahh fe ay 3 fe chEs | go % : 24 Pile Ste PINE Oo. €: hier olan oe eee 
a a raw dey eee tahoe £ SF ae Fp 7 We eT ng we Oa TH S Bde 8 oe a8 x eg Pes & stag ? & yn BB cee F ” z 
a rey. PUsta wo ER: 4:2 e NE % £ ¢ : FI agp 4 Fen 2 ae oe et sé a2 
meee a GE Bae sos SB 88st Baan Caer © ee | eae 3 4 = S Ay 1¢ §- as i ae ee ce er 
dhe ee nn a ~ © g~- F3,8 « 3 ge See oveonie ZR HY es Roe eS g * Rimes ® 8 oF me OF om, Sgtsed gow os we we 
Soak « Rg ans awe fae aero eer J et & F ewt peaen Bae & Se ms & ve oy 3 Pe, ae we key at oxacd ans So es 
a 48 a oar ae y i458 vial ae go. 34s 2% ? % 2S 3 or P & 5 P 5 
vet UG , 7 ERP SG oo. REL, a 3 sk eae ; ey ° ~4i¢@ €s 7 G48 <4 a a 
Sg - * wae BR” By "4 Whe owe Sew pal ey san ot ae: ex Gr 4 grem $ G, Feo Oh Shere an 
s 7 eh% 0g te fa adda 9: $ sé eSigee Fe ; ie ee ae ae 
ty wend "2 Ber Same Et ge © Eg ce 3 Eee kee Fg sabia gee 3 2 # ee? one aed 4. ‘ F orate 2 Baas 
ewe. UE" ye BR pe Tas Satie dy Ge EN. Si end ON fg ef} {20m “ST 5 aie A eit 3 cone 
qtetgenmmmnoms Be S. eee Ce ee ed BE aemamayy one Ataynaeatns sa E ga 8 wremetne memen ge” qommemyretet ae = & Prnmmun wpe S i fe g : 
4 aa 2 ~ 4 « © axsemene «SAME Hoe se eS oS Bumaneen  Teboana 2 er § 8 Korero seremate ay ff We men fy s j sf . 
- > 2 SU oa’ i - 
5 a ¢ a1 s = ie ippiaies 9 % e ars oe en Ban ce Png 3 
Ey s pans Fiber oo SERRE “3 ww ma psfrenoone nas wore 2a PE, GET F OME AS aed fied i ii a ee ee ss 2 Mote 
fa 3 x 3 cy ae aes Samiti, + At . & & & cpg Stee Ses 8 * ¢ 
spurge eee af Ee & 2 & AB x ste: Paet, + 8 % hn we z 4 goo a Gwe a See gasautge | % ag : 3 
en mew, FEE SIF ee a= 3 wo 8 Fw ey > . a : 
meee". . 2 a SS 3 are’, ener < Meg are oP EF RB otae » “* 2 came og BX g : = 
sie, BER tk Basgis Pm SPP FP ye X we g : ae an eae eee Fe ee > ne 
#3 £°3 2 3% S % 2 & fe 8 TTX & Ge g et. & ears 3 1s g 4 » &# = ‘© | 3 Eee 
erring sgy? SS gia i ; or i 2.) oO: Serre re 4. 9 barge ee 
were sa. sg te 2 Poa 2a ee mete By et 2,234 § 2.3 38 gaa wee hoe ge % 
beg Edman 2 ERY | ES cn Lannea. 2 Atg 8 ‘mmm Se Fale ee s ‘ 7 
or ee a ar SOR AS e Oe : re Se i : 2 
poe: 3 yE: tee 3 Ey 8 foes “ed ae eo Ts Te 
i ee Be 2 Bo > 4 g ‘i PREIS é 2 Ag 8 eo « = Ee 
: ae & y Ea fe : ea : eM F y s gi Ae : 2 swe io ett So 
As : me = L& x f@ : - te aut a rue 
reuse tae BPiagcykhom 4: geeriel coy nee epee 5 MO oben Fe ET 
4 i : e 3 7 es 4 = « x 2 seme ade 
ae i >. f As a 4 BR te 1.48 ‘ 
¥ oe 2? z P = a > fa = 3 % z - a: + Loa e . 8 4% 
bse $a. & gs £ ifs on *-¢ €, 2 * a f posse 
R40 08 ‘ & Au F : * Be mares cy Te a8 4 8 : 7 : 
ye | 2 Say gon 8 Kee RRS eS ee = OF ted * oak eae ek ® se 
Pik pees: 3 oe EE = og ote wR SRR Dg et 
© OF peep we gngpene eg gas Eee 98 Pow a aty HR his Gam, Shs oo a: ecerieuimts $25 me 
. : po oy ee : we 
seat Gow ws why * wae Ream a, avon 



























OUR AE eat aed sats ay ey ad é ENS Bo ‘ange et Perey, meget Shot 
. 4 2 ¢ x Le a 
ars & HP 8 By. : 
ae Fa en ses ¥ Lee mmr 3 fe 2 8 an oashil aeoee  masinacew we Sree th ot ms mane BB « 
e ote Oe : Seinic an outers oe x : > 4 PNM, tn Spectres estore St > 
eee ies ae ee > " “eRe a ad fe : ee NARS oS » * 
he « Pe oe 2+ 68 Rey Sc ee a ee er ee 3 
% ws Mo mees grag x a y ° f 2 ee ee ee see 
% wy £ ae <a et ~¢ Foe e 4 ws 
oF Seng, ge, Fyne 2 2 “s g ce ee =e ee “rs 
2 ae 3 ae e. Sissed ET bass oe a ae ee 7 % Ras 
Fs gia a i atugt ~ a ae = suck ee Eek & 





EX the “setter” 


Program 


Motorola’s reliability and 
quality-enhancement program 
was developed to provide 
improved levels of quality 
and reliability for standard 
commercial products. 


THE “BETTER” program is offered on CMOS, Linear, TTL, TTL/LS, DTL, HTL, 
and NMOS in dual-in-line ceramic and plastic packages. 


Motorola standard commercial integrated circuits are 
manufactured under stringent in-process controls and 
quality inspections combined with the industry’s finest 
outgoing quality inspections. The “BETTER” program 
offers three levels of extra processing, each tailored to 
meet different user needs at nominal costs. 

The program is designed to: 

e Eliminate incoming electrical inspection 
© Eliminate need for independent test labs 
and associated extra time and costs 
Reduce field failures 
Reduce service calls 
Reduce equipment downtime 
Reduce board and system rework 
Reduce infant mortality 
Save time and money 
Increase end-customer satisfaction 


“BETTER” AQL GUARANTEES 







HOW TO ORDER 


MC14001B CP S 
Part Standard BETTER 
Identification Package PROCESSING 
Suffix LEVEL | = SUFFIX S 


LEVEL It = SUFFIX D 
LEVEL Ill = SUFFIX DS 










TEMP CYCLE, 10 CYCLES 
-25°C to +150°C 


"NMOS does Functional and de 100% at 100°C 


‘ AQL 

— 
| HIGHTEMPERATURE FUNCTIONAL | Taz tore | ots ft 
PDCPARAMETRIC. CT TAH eC OCCT SST 
DCPARAMETRIC. dT STAMIN,TAMAX | 040 | 040s OO 
[DYNAMIC TEST (LINEARAND NMOS) | ta=25ec | oes «| STS 

MAJOR 0.11 0.11 011 

(NOT APPLICABLE TO PLASTIC PACKAGES) FINE 100 1.00 100 


BETTER PROCESSING - 
STANDARD PRODUCT PLUS: 








LEVEL LEVEL LEVEL 
I 


“DS” 


100% SCREEN 








I 
Ss” 
X 


Ps oes] 
ae 


X 


ul 
Db” 
X 
X 
X 
X 








PART MARKING 


The Standard Motorola part number with the corre- 
sponding “BETTER” suffix can be ordered from your 
local authorized Motorola distributor or Motorola sales 
offices. “BETTER” pricing will be quoted as an adder to 
standard commercial product price. 


The Motorola 


Standard HIGH REL 
Programs 





Motorola, a pioneer in the manufacture of high-reliability integrated cir- 
cuits*, now offers you a two-way program for Hi Rel products. 


1. A growing line of JAN-QUALIFIED integrated circuits. 

2. An extensive program to supply JEDEC PROCESSED devices that 
approaches the Qualified Reliability goals without the delay and high cost 
of the actual qualification program. 


Motorola stocks many circuits which meet JAN-QUALIFIED specifica- 
tions, and is actively pursuing an expansion of this qualification listing 
with product in all |C categories — encompassing Bipolar Digital, Linear 
and MOS technologies. 


Motorola JEDEC PROCESSED products complement JAN-QUALI- 
FIED products by making available hi-rel versions of nearly all Motorola 
full-temperature range circuits, while adding the advantage of hi-rel 
standardization. 


The Motorola JEDEC Program 

offers you these benefits: 

1. Standardization of environmental and electrical test procedures. 
2. Less specification writing required. 

3. Less time required in negotiating specifications. 

4. Fast delivery. 

5. Lower costs. 


*Motorola, in early 1971, was the first company to be qualified as a MIL-M-38510 approved facility by the De- 
fense Electronics Supply Center of DOD 





MIL-M-38510 JAN-Qualified Product 


Screening Levels Available: 
Class B & Class C 


How to order 
MIL-M-38510 on 
JAN-Qualified Product 


Y Y- Y¥ 


ee. beset Ra | 
INDICATES A MILITARY DETAIL DEVICE TYPE CLASS B, ORC CASE , LEAD 
QUALIFIED DESIGNATOR SPECIFICATION WITHIN DETAIL (SEE DEVICE OUTLINE | FINISH 
DEVICE NUMBER SPECIFICATION CLASS TABLE) (SEE CASE (SEE LEAD : 
OUTLINE TABLE) FINISH TABLE) 


Case Outline Table 
Source: MIL-M-38510D Amendment | 


14-lead FP (1/4” x 1/4”) 
14-lead FP (3/16” x 1/4”) 
14-lead DIP (1/4” x 3/4”) 
14-lead FP (1/4” x 3/8”) 


16-lead DIP (1/4” x 7/8”) 
16-lead FP (1/4” x 3/8”) 
8-lead can 

10-lead FP (1/4” x 1/4") : 


10-lead can 

24-lead DIP (1/4" x 1-1/4”) 
24-lead FP (3/8” x 5/8”) 
NONE 


12-lead can 

NONE 

8-lead DIP (1/4” x 3/8”) 
40-lead DIP (9/16” x 2-1/16") 


20-lead DIP (1/4” x 1-1/16") 
NONE 
NONE 
NONE 


Reserved for use with “special” non-standard case 
outlines which are specified in the individual 
detail specifications. 





Features: 


+1. Manufactured in a government- 
approved facility. 
2. G.S.1. (Government Source 
Inspection) 


Example of MIL-M-38510 JAN- 
Qualified markings 


ORDER: JM38510/00104BCB 
MARKING: JM38510/00104BCB 





Lead Finish Table 
with hot solder dip 
B—Type A or B Per MIL-M-38510 
with acid tin plate 
C—Type A or B Per MIL-M-38510 
with gold plate 


X—Any of the above, for 
ordering purposes only. 













JEDEC Processed Product 


Screening Levels Available: 
Class B & Class C 


How to order 


JEDEC 
Processed Product 
| | | 
MOTOROLA CLASS B, OR C CASE OUTLINE LEAD FINISH JEDEC DESIGNATOR 
DEVICE TYPE (SEE DEVICE (SEE CASE {SEE LEAD PER JEDEC 
(WITHOUT CLASS TABLE) OUTLINE TABLE) FINISH TABLE) PUBLICATION NO 101 
LETTER " 
PREFIX) 
: Features: 
Case Outline Table 7 
' 1. Lower cost than JAN-Qualified. 


Appendix C design and processing guidelines 
Letter Designation Description contained in MIL-M-38510 and 


A . 14-lead FP (1/4" x 1/4”) MIL-STD-883 — 
14-lead FP (3/16” x 1/4”) 3. Product supplied with Motorola 
14-lead DIP (1/4” x 3/4") ee 
14lead FP (1/4" x 3/8") Standard data sheet electricals 


16-lead DIP (1/4” x 7/8”) Exampl ED 
16-lead FP (1/4” x 3/8”) pie M 
8-lead can rocesse arkKings 


10-lead FP (1/4" x 1/4") DEVICE: 5400/BCBUC 


10-lead can - 
24-lead DIP (1/4” x 1-1/4") ORDER: 5400/BCBJC 


24-lead FP (3/8” x 5/8”) MARKING: 5400/BCBJC 
NONE 


12-lead can 
NONE 

8-lead DIP (1/4” x 3/8”) 
40-lead DIP (9/16” x 2-1/16") 


20-lead DIP (1/4” x 1-1/16") 
NONE 
NONE 
NONE 


D-6 18-lead DIP (.300” x 1”) 
D-7 22-lead DIP ( 400" x 1 1”) 


Dual-in-line packages not listed above 
Flat packages not listed above 
All other configurations not listed above. 


nO > 
On 


On 
2 
m 


N 
A-3 
NONE 
D-4 
D-5 
8 


oO 


Lead Finish Table 


A—Type A or B Per MIL-M-38510 
with hot solder dip 
B—Type A or B Per MIL-M-38510 


‘ with acid tin plate - 
C—Type A or B Per MIL-M-38510 
with gold plate 
X—Any of the above, for 
- ordering purposes only. 





B 
Cc 
D 
t 
J 
K 
L 
R 
s 
T 
U 
Vv 
WwW 
xX 
Y 
Zz 











wn Screening Procedures 


t 


For MiIL-M-38510 Jan-Qualified and JEDEC Processed Product 
(To MIL-STD-883 Requirements) 


In recognition of the fact that the level of application. Selection of a level better than 
screening has adirectimpactonthecost ' that required for the specific product and 
of the product, as well as its quality and application will result in unnecessary 


reliability, two standard levels of screening are expense. A level less than that required may 
provided to coincide with two device classes, result in a risk that reliability requirements 


or levels of quality assurance. will not be met. For general hi-rel applications, 
Flexibility is provided in the choice of test the Class B screening levels should 


conditions and stress levels to provide be considered. 
screens tailored to a particular product or. 


Device Class Table 


CLASS 8 CLASS C 
METHOD RQMT METHOD RQMT 


Internal Visual (Precap) 2010 Condition 100% 
B and 38510 B and 38510 

Stabilization Bake 1008, 24 hrs test 100 % 1008, 24 hrs test 100% 
Condition C Condition C 
or Equivalent or Equivalent 


Temperature Cycling 1010 Condition C 100% 1010 Condition C 100% 


Constant Acceleration 2001 Condition E 100% 2001 Condition E 
Y1 plane Y1 plane 
Seal (a) Fine 1014 100% 1014 : 100% 
(b) Gross 


Interim Electrical Per applicable ia 

Parameters device 1 
specification 

Burn-tn Test 1015 100% 
160 hrs @ 125°C 
or Equivalent 

Interim Electrical Per applicable i ee ed 

1 


Parameters device 
100% 










specification 
Per applicable 
device 
specification 






Final Electrical Tests 

(a) Static tests 
(1) 25°C (subgroup 1. 

table 1, 5005) 

(2) Max. & min rated 
operating temp 
(subgroups 2 & 3, 
table 1, 5005) 

(b) Dynamic tests &/or 
switching tests @ 25°C 
(subgroup 4 and 9, 
table 1, 5005) 

(c) Functional test @ 25°C 

(subgroup 7, table 1 

5005) 






Per applicable 
device 2 
specification 





















100% 












Qualification or Quality 5005 Sample]! 5005 Sample 
Conformance Inspection Class B 3 per Class C 3 per 
38510 38510 
Pexternalvisual | 2009 | 100% | 2000 ~~——~—=«dwt~ 100% 


1 When specified in the applicable device specification 100% of the devices shall be tested 

2 MIL-M-38510 QUALIFIED product ts tested per applicable 38510 detail specification JEDEC PROCESSED 
product is tested per the Motorola standard data sheet electrical specification 

3 For JEDEC PROCESSED product, Groups A and B per 5005 and JEDEC Publication No 101. 

Groups C and D are available upon request 
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BUS INTERFACE 


Microprocessor Bus 


This family of devices is designed to extend the General features include: 
limited drive capabilities of today’s standard 6800 and @ Single +5.0 V Power Supply Requirement 
8080 type NMOS microprocessors. All! devices are fabri- @ Three-State Logic Output 
cated with Schottky TTL technology for high speed. @ Low Input Loading — 200 UA Max. 


DATA BUS EXTENDERS 


Quad, Bidirectional, with 3-State Outputs 
MC6880A/MC8T 26A# — Inverting MC6889/MC8T28# — Non-inverting 


Recewer 
Enable 
Input 
Receiver 
Output 


Recewer 
Enable 
Input 


Racewer [2 | # These devices may be 
Output . 
1 ordered by either of 
the paired numbers 


Recewer Orwer 
Output [5 | Input Both types 


4 Ta = 0 to 75°C 
Receiver 
Packages 


L Suffix — Case 620 Diver 
P Suffix — Case 648 Input 


IOHL tPLH.- tPHL 
Output Disabled Propagation Delay Time — High to Low or 


Leakage Current — High Logic State Low to High 
uA Max ns Max 


BIDIRECTIONAL BUS SWITCH M6800 CLOCK GENERATOR 


MC6881/MC3449# — For exchanging TTL level digital MC6875 — Provides the non-overlapping two-phase 
information between selected pairs of ports in a Clock signals for M6800 MPU systems. 
3-port network. 


Voc 

MPU $1 

“Reset 

MPU 62 

System Reset 
DMA/Ref Grant 
DMA/Ref Req 
Memory Clock 


#This device may be 
ordered by either of 


A2 
the numbers. 


On ON WH = 


Select 
(1 or 2) Both types: 


= 0, : 
Control Ta = 0 to 70°C Voie = 0.3 V Max 
(Direction) Packages: Vonc = Vee — 0.3 V Min 


L Suffix — Case 620 bs 
P Suffix — Case 648 fop = 2.0 MHz Typ 


MC6881/MC3449 TRUTH TABLE 


VoL lop NIL NH 
@ Ig, = 8.0 MA] @V9=2.7V | OV, =0.4V 1 OV =2.7V 
Volts Max uA Max uA Max 


X - Don’t Care 





Microprocessor Bus (continued) 


ADDRESS AND CONTROL BUS EXTENDERS 
Octal, Buffer/Latch Unidirectional with 3-State Outputs 
MC6882A/MC3482A# — Inverting #These devices may be MC6882B/MC34828B # — Non-inverting 


ordered by either of 
the paired numbers. 








Output 
Enable 













a | 






All types: 
Ta = 0 to 75°C 






3° 
c 

a 
N 







fice 












113] In 5 Packages: 
| Ee | L Suffix — Case 732 
. 112] Outs P Suffix — Case 738 


at 





Hex, Unidirectional, with 3-State Outputs 







MC6885/MC8T95# — Non-inverting MC6887/MC8T97 # — Non-inverting 
MC6886/MC8T96 # — Inverting MC6888/MC8T98 # — Inverting 
Two-input Enable controls all six buffers. Two Enable inputs, one controlling four buffers 
and the other controlling the remaining two 






buffers. 











All four types: 
Ta =Oto 75°C 


Packages: 
L Suffix — Case 620 
P Suffix — Case 648 












*Add inverter for MC6886/MC8T96. * Add inverter for MC6888/MC8T98. 














VoL VoH 
@ lot 48 mA @ lou 7-5.2mA los tPLH tP(Enable) 
Volts Max Volts Min mA Typ ns Typ ns Typ 








BUS INTERFACE (continued) 


Minicomputer Bus Transceivers and receivers for bus arichicad minicomputers employing 


120-ohm terminated lines. 


+5.0V +5.0V 


180 120 2 Data Bus 
390 
1/6 1/4 1/4 
MC3437 0s8641 0S8641 


To Computer or Peripherals 


All three devices: 
Ta = 0 to 70°C 


HEX RECEIVERS Packages: 


MC3437 — Hysteresis-equipped for improved noise MC3437 


: ‘ ; MC3438 pS8641 
immunity. DS8837 equivalent. ic eutin Seawteoe seats 


P Suffix — Case 648 — N Suffix 


QUAD TRANSCEIVERS 


DS8641-MC3438 - 
Open collector driver outputs allow 
wire-OR connection. MC3438 has 
hysteresis-equipped receiver for improved 
noise immunity (not available with DS8641). 
MC3438 is equivalent to the DS8838. 


tPLH(R) 
@ vial 4.0V Hysteresis @ Cl = 15 pF 
mer meta Max Volts Min ns a 


Receiver | Vi(BUS) 

Hysteresis | @ Igus = | © Vin(Bus) = 
Volts 50 mA 40V 
Min Volts Max pA Max 


*MC3438 only. 





a 
de 


BUS INTERFACE (continued) 


Computer Bus 
NEW IBM 360/370 I/O INTERFACE 


Line Receivers and Drivers designed to operate compatibly. The MC75125/MC75127 Seven-Channel 
Receivers, MC75128/MC75129 Eight-Channel Receivers, and the MC3481/MC3485 Drivers meet the new 
IBM System 360/370 t/O standard requirements. 


SEVEN-CHANNEL LINE RECEIVERS 


MC75127 — Standard Vcc 
MC75125 and Ground Pinouts. 


All types: 
Ta = 0 to 70°C 


Packages: 
L Suffix — Case 620 
P Suffix — Case 648 


EIGHT-CHANNEL LINE RECEIVERS 


MC75128 — Active-High Strobe MC75129 — Active-Low Strobe 


Packages: 
L Suffix — Case 732 
P Suffix — Case 738 


positive logic: Y = AS 


eae NH(R) tPLH 
aco rcs @Viq=3.11V @ CL = 50 pF 
Min/Max malay ae an 


MC76125/75127 7.4/20 0,42 
MC75128/75129 7.4/20 0.42 
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BUS INTERFACE (continued) 
New IBM 360/370 I/O Interface (continued) 


QUAD LINE DRIVERS 
(To be introduced) 


MC3481 — Open emitter driver 
with individual fault flags. 


MC3485 — Open emitter driver 
with combined open collector 
fault flag and inverted outputs. 


Both types: 
Ta =0 to 70°C 


Driver 
Output A [1 | 


Fault Flag A 
Input A 


Enable AB 


Input B 12] Enable CD 


Packages: 


Fault Flag 8 111] Input Cc 


Driver B 


sabia @ Ion = -59.3 mA 
: Volts Max . 


Fault Flag 
(Open Collector) 


L Suffix — Case 620 
P Suffix — Case 648 Output B 


Driver 
Output B 


“Fault Protection 


GENERAL-PURPOSE 1/0 INTERFACE 

for general TTL system applications. The MC8T23/ 
MC8T24 combination is oriented toward older IBM 
360/370 system requirements. 


Line drivers and receivers designed to operate com- 
patibly. The MC8T13/MC8T14 combination is specified 


DUAL LINE DRIVERS 


MC8T13 — Open emitter driver; specified for general 
TTL systems. 

MC8T23 — Open emitter driver; specified to meet 
older IBM system requirements. 


TRIPLE LINE RECEIVERS 


MC8T14 — Hysteresis-equipped receiver; specified for 
general TTL systems. © 

MC8T24 — Hysteresis-equipped receiver; specified to 
meet older IBM system requirements. 


Input $3 


Receiver ; 
Input R3 


All four devices: Strobe Output 
Tp =0 to 75°C Input $1 : F3 


Packages: Gate 
L Suffix — Case 620 put A2 
P Suffix — Case 648 
Gate Strobe 
Input B1 Input S2 


Output O : Receiver 
Input R2 


@ Vin(R) = 3-8V tPLH(R) 
@ Vin(R) 73-11 V* | @C, = 15 pF 


@ Ign = -59.3 mA* Device 
mA Max ns Max 


Number Volts Max Number 


MC8T13 
MC8T23 


Volts Min 





BUS INTERFACE (continued) 


Instrumentation Bus 


QUAD INTERFACE TRANSCEIVERS 


These devices are designed to meet the GPIB bus specification of [EEE Standard 488-1978, for the inter- 
connection of Measurement Apparatus. 


MC3440AP — Three drivers with MC3441AP — Four drivers with MC3443P — Four drivers with 








common Enable input; one common Enable input. common Enable input; no 
driver without Enable. termination resistors. 
Output and 
Termination 
Gnd [1 | Voc 
Bus A [2] BusC 
Receiver Receiver 
Output A [3 | Output C 
Oriver Oriver 
InputA Input C 
Oriver Enable 
Input B 
Receiver Oriver 
Output 8B Input OD 
Bus B Receiver 
us Output D 
Logic Gnd [8 | Bus D 
MC3446AP — For low-power instruments, including MC3448A — For common Send-Receive bus; | 
MOS. bidirectional. 
Receiver Send/Rec. 
Output A 6] Voc’ Packages. Input A Vee 
Receiver L Suffix — Case 620 Send/R 
—_ DataA en ec. 
Bus A Output D P Suffix — Case 648 input D 
Driver 
Bus A 
Input A Bus 0 Data D 
I Driver Pale 
ee inaai a Enable Bus O 
; All types: anpUT AACE Ee 
Driver ypes: Enable 
= Oo Bus B 
Input B Enable 0 Ta=Oto 70°C Input C-D 
Bus B Oriver Data B Bus C 
Input Cc 
Receiver Send/Rec. 
Output B pee input B oe 
Receiver Send/Rec, 
Gnd Gnd 
[3 Output C Vec ‘ [3 Input C 
—F— Bus — Indicates Bus 


Terminations 


Receiver Drive tPHL 
Input Output Voltage (Driver or 
Hysteresis @ lot = 48 mA; Receiver) 
mV Min Volts Max ns Max 


MC3440AP : 30 
MC3441AP 30 
MC3443P : 25(D) 22 (R) 
MC3446AP : 50 (D) 40 (R) 
MC3448A R 17 (D) 23 (R) 





BUS INTERFACE (continued) 


Instrumentation Bus (continued) 


OCTAL LOW-POWER INTERFACE TRANSCEIVER 


These devices are designed to meet the GPIB bus specifi- 
cations of IEEE Standard 488-1978, for the intercon- 
nection of Measurement Apparatus. 
MC3447 — Open collector, 3-State 
outputs with terminations. 


All types: 
Ta = 0 to 70°C 


Packages: 
_L Suffix — Case 623 
P3 Suffix — Case 724 
(Narrow) 


—F—O Bus — Indicates Bus 


Terminations 


Receiver Drive tPHL 
Device Input Output Voltage (Driver or 
Number Hysteresis @ ‘ol, = 48 mA; Receiver) 
ol 


mV Min its Max ns Max 


HIGH-CURRENT PARTY-LINE BUS TRANSCEIVERS 


Devices for industrial contro! and data communication. 
MC26S10 — Inverting 
MC26S11 — Non-inverting’ 
Quad transceivers with open-collector drivers and 
PNP-buffered inputs for MOS compatibility. 


Packages: 
L Suffix — Case 620 
P Suffix — Case 648 


Receiver 
Output c 0.8 Volts Max 


Driver . 100 pA Max 
Input C 100 nA Max 


Vin =2.7V 30 UA Max 
Vit 70.4V -0.54 mA Max 


Receiver MC26S10 15 ns Max | 
Output D MC26S11 19 ns Max 


Both Types 16 ns Max 


Input D 


*Inverter on MC26S11 only. 





_ MEMORY INTERFACE AND CONTROL 
NMOS Memories to TTL Systems 


MULTIPLEXED 16-PIN RAM CONTROL 
(For 4K, 16K, and 64K Dynamic Memories) 


MC3480 — Memory Controller. Used with all three levels 
of RAM. 


The memory controller chip is designed to greatly 
simplify the interface logic required to contro! popular 
16-pin 4K, 16K, or 64K dynamic NMOS RAMs in a 
microprocessor system such as the M6800. The con- 
troller will generate, on command from the micro- 
processor, the proper RAS and timing signals required to 
successfully transfer data between the microprocessor 
and the NMOS memories. The controller, in con- 


junction with an oscillator, will also generate the neces- 
sary signals required to insure that the dynamic me- 
mories are refreshed for the retention of data. 

With Schottky TTL technology for high performance, 
and high input impedance for minimum loading of the 
MPU bus, the MC3480 reduces package count, and 
reduces system access/cycle times by 30%. The chip 
enable allows expansion to larger-word capacity. i 


Signals 


To 


MC3232A/ 
MC3242A 


Address 
Control 


Signals Logic 


From 
MPU 


A12/14 
A13/15 


Address 
Decode 


MPU 
interface 
And 


Memory 
Control 
Logic 


Ref Clk Benesch 
efres 
Ref Grant Logic 
Ref Request 
cE 
MC 
R/W 


MC t1t2 t3 14 15 


Designed to interface directly with MC3232A or 


MC3242A address/multiplexers/refresh counters. 


Row Enable 


Refresh Enable 


Ta = 0 to 70°C 


Packages: 
L Suffix — Case 623 
P Suffix — Case 649 
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MEMORY INTERFACE and CONTROL (continued) 


NMOS Memories to TTL Systems (continued) 
Multiplexed 16-Pin RAM Control (continued) 
(For 4K, 16K, and 64K Dynamic Memories) 


MC3232A — 6-Bit (4K RAM) Address Multiplexer/Refresh Counter 
* MC3242A — 7-Bit (16K RAM) Address Multiplexer/Refresh Counter 
MC3482A/B — 8-Bit Address Multiplexer (See Microprocessor Bus Section) 


MC3232A — Designed for multiplexing 12 address MC3242A — Designed for multiplexing 14 address lines 
lines into 6 for the 16-pin multiplexed 4K RAMs, while into-7 for the 16-pin multiplexed 16K RAMs, while 
also containing a 6-bit refresh counter. also containing a 7-bit refresh counter. 


Both types: 
Ta =0 to 75°C 


Packages: 
MC3232A — L Suffix — Case 623 
P Suffix — Case 649 


MC3242A — L Suffix — Case 733 
P Suffix — Case 710 





MC3232A MC3242A MC3242A MC3232A 
All A130 


ry 


AS Se. 
Output 6 


12 14 | 
Total 


Address Address | 
Lines Lines | 


Output 0 


qi Th 


Refresh o 
Enable 


Row o 
Enable 


*N = 6-Bit for MC3232A 
= 7-Bit for MC3242A 
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MEMORY INTERFACE AND CONTROL (continued) 
NMOS Memories to TTL Systems (continued) 


BUS EXTENSION 
(See Microprocessor Bus) 

Data Bus (Bidirectional) Extenders MC6887/MC8T97 — Hex Non-inverting 
MC6880A/MC8T26A — Inverting MC6888/MC8T98 — Hex Inverting 
MC6889/MC8T28A — Non-inverting MC6882A/MC3482A — Octal Inverting 

Address Bus (Unidirectional) Extenders MC6882B/MC3482B — Octal Non-inverting 
MC6885/MC8T95 — Hex Non-inverting Bus Switches 
MC6886/MC8T96 — Hex Inverting ; MC3449 — Triple Bidirectional 


DATA AND ADDRESS LINE DRIVERS 
(Low Level) 
MC3459 — Quad Address Line Driver 























Ta= le] 
Ha] Vee A =0to 70°C 
‘ Packages: 
a any L Suffix — Case 632 
P Suffix — Case 646 
Input 
HOD 
Output ; Propagation 
> Device VoH @!OH Vo. @!oL Delay @ CL Features 
input Number | VoltsMin mA _ |Volts Max mA pF 
1c ns Max 
se Cd 
Output 
c 





CLOCK AND CHIP ENABLE LINE DRIVERS 
(High Level) 









MC3245 — Quad Clock Drivers MC75365 — Quad Clock Driver or MMHO0026 Dual Clock Dri 
with Refresh Select Logic High-Current NAND Gate MMHO0026C paleoee Beat 
Vpo1 | 1] 6] Voc Vec2[t] 
Output A }2 | 115) OutputD Output a cae 
Channel Channel 
better bites ' 1A 
, Select A B a Select D ye a 
Enable i [4] 13] Enable 3 Input 2AB[4] 
pelo (S| 12] Enable 2 Input 3AB aim 
x eect TTT ri (Pin Connections for U or P1 Package) 
Channel 111] Channe Input 1B [6 | 11] Input 1C Ta: 
Select B Select C MMH0026 — -55 to 125°C 
Outeurs [Zh HolOutput C Output B LJ fo} Output C MMHO0026C — 0 to 70°C 
Gna [8] [9}Nc Gro [8] [9] Vecs3 ee aoe 


G Suffix — Case 601 
L Suffix — Case 632 


Ta =0to 70°C = ty U Suffix — Case 693 
A Taste 70° P1 Suffix — Case 626 (For 
Packages: Packages: MMHO0026C only) 
L Suffix — Case 620 L Suffix — Case 620 
P Suffix — Case 648 P Suffix — Case 648 . v 






Device Vou 10H VOL lot tDHL @ CL F 
eature 
VoltsMin © mA | VoltsMax © mA | _ns Max pF 
Voo - 0.5 -1.0 32 250 | Does not require second high voltage 
supply. Low input loading. 
MC75365 Vec2 - 0.3 -0.1 18 200 { Derives Voc 1 power from TTL 5-V 

supply, and Vcc? and Vcc3 from Vgsg 
and Veg supplies from NMOS memories. 


*“@V|- VEE 





3-11 





MEMORY INTERFACE and CONTROL (continued) 


NMOS Memories to MECL Systems 


DRIVER/TRANSLATORS 


MECL-to-MOS driver/translators convert standard memory systems. The MC75368 may also be used as 
MECL 10,000 input signals to suitable levels for NMOS positive logic NOR or non-inverting gates. 


MC75368 — Dual Clock Line Drivers suitable for driving 


address, control, and timing inputs. ‘Sdaxiriure Supaly:V oltebes 
MC75368 = 18 V 


Tp = 0 to 70°C 


Packages: 
L. Suffix — Case 632 
P Suffix — Case 646 


Device | VoH @ 'oH| VoL @ [OL] tDHL @ CL 
Number | Volts Min mA | Volts Max ~ mA/ns Max pF 


MC75368|Vcc2-0.3 0.1] 0.3 10] 


SENSE AMPLIFIER 


MC3461L — Dual Sense Amplifier with MECL 10,000- 
compatible control inputs and complementary, pia hae 
open-emitter outputs. Designed for 7001 and 2105 Guisut 
type NMOS 1K RAMs. 1A 


Output Output 
2A 1B 


Outputs A H Outputs B 
Enable Enable 


input Input 
2A 


ITH tpp (Amplifier) tpp (Enable) Input 
uA Max ns Max ns Max : 1A 
Input HO} Termination 


VEE 
(-5.2 Vv) 
Ta =0to 76°C 


Package: 
Case 620 
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MEMORY INTERFACE and CONTROL (continued) 


Magnetic Memories to TTL Systems 


SENSE AMPLIFIERS 


... for Magnetic Tape Memories 


TAPE AMPLIFIER SYSTEM A two-component preamplifier/amplifier combination 
that provides the interface between magnetic tape heads 
1/3 Mc3468 and digital logic. Suitable for both open reel and car- 
MESEE? Read tridge tape systems. Triple preamp has individually ad- 
Amputir Amplifier justable gain controls. LS! Read Amplifier performs 
peak detection and threshold detection functions, as 

required for NRZI/phase encoded recording formats. 


Electronic Gain NRZI/o 
Control Code Select 


MC3467 — Triple Preamplifier . MC3468 — Read Amplifier 


Channel Select Vv 
(A orB) ce 


Threshold Amplifier Threshold Detector 
Input A Output TO 
Threshold Amplifier Threshold 
inverting Input Level Input 
Threshold Amplifier 


3) tput 
inoue ZCD Outpu 


Gnd 
Both types: = 
Ta = 0 to 70°C Differentiation 


Packages: Inputs A | Components 
L Suffix — Case 726 
P Suffix — Case 701 Gain State 


t 
Inputs B OunDus 


VEE 


... for Plated Wire and Thin-Film Memories 
and other low-level sensing applications. 


MC1544 — Ta = -55 to 125°C Inputs 
MC1444 — TA =OQto 70°C Channei C Channel B 
Features 4-channel input with decoded channel 
selection and strobed output capability. 5 
nputs 
Channel A 


Packages: 
MC1544/MC1444 . Capacitor 
L Suffix — Case 620 hacas 111] rie 


Channel ito] Ground 


Select 
i ate | = 
Device VrH |@ lon = -400 uAI@ Io, = 10 mA 
Number mV Volts Min Volts Max 
MC1544 | 0.5 to 1.5 
MC1444 | 0.3 to 2.3 
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MEMORY INTERFACE and CONTROL (continued) : 


Magnetic Memories to TTL Systems (continued) 


FLOPPY DISK READ AMPLIFIER SYSTEM 


MC3470 — Designed as ‘a monolithic READ Amplifier Veco 
System for obtaining digital information from floppy a 

disk storage. It is designed to accept the differential ac Amplitier 
signal produced by the magnetic head and produce a Outputs — 
digital output pulse that corresponds to each peak of the clad ae 
input signal. The gain stage amplifies the input wave- 

form and applies it to an external filter network, enabling 

the active differentiator and time domain filter to 

produce the desired output. It combines all ‘the active Ginaiskor oF 
circuitry to perform the floppy disk READ amplifier Components naib ent 
function in one circuit, and is guaranteed to have a 

maximum peak shift of 5.0%, adjustable to zero. Gata 


Components Data 
Output 


Differentiator 
Inputs 


Ta =0 to 70°C 
Package: 
" 'P Suffix — Case 701 


haagnedie Pulse | One | “D” | pulse Digital 
Head Gen. | Shot ! Flop 1 Gen. Output 


Time Domaln 
Detector Filter 


F 
bs 


ar 
ibis eas 
Differentiator Mono 2 
Select | Network RC 


CORE DRIVER 


MC55325 — Ta = -55 to 125°C Source 

MC75325 — Ta = 0 to 70°C ues 
Contains two source switches and two sink switches. 
Source and sink selection is determined by one of 
two logic inputs, and turn-on is determined by the 
appropriate strobe. 

: Strobes 


Packages: ' 
L Suffix — Case 620 
P Suffix — Case 648 (MC75325 only) 


: Vsat loff tPLH | tPLH 

Device | @ Igink OF Isqurce = 600 MA | © Voc? = 24 V | (Source) | (Sink) 

Number Volts Max uA Max ns Max | ns Max 
MC55325 0.70 
MC75325 0.75 
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| COMPUTER AND TERMINAL INTERFACE 


LINE DRIVERS AND RECEIVERS 
for Modem/Terminal Applications 





Voltage Mode 


RS-232C SPECIFICATION 
DRIVER RECEIVERS 


ere - ; 0. i h is. 
MC1488 — Quad; output current limiting. enese _ ae : TU Ren 


All devices: 
Ta =0 to 70°C 


Package: 
L Suffix — Case 632 


tPHL 
VoH VoL tPHL Device Input Vine | lputViLH | @ Ry = 3902 
@ Vec/VEE = #9.0 V |@ Voc/VEE = +9.0 V @ Cy = 15 pF Number Volts Volts ns Max 
Volts Min 


Volts Max ns Max MC1489 1.0 to 1.5 0.75 to 1.25 


RS-422/423 SPECIFICATION 
DRIVER RECEIVER 


MC3487 — Quad; three-state outputs. MC3486 — Quad; three-state outputs and input hysteresis. 


Channel A 
Outputs 


Channel D 


Outputs Both devices: Output A/C 4 | 
Ta =0to 70°C Control 


Packages: 
L Suffix — Case 620 
P Suffix — Case 648 


Output B/D 
Channel B Control 
Outputs 


Channel C 
Outputs 
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COMPUTER AND TERMINAL INTERFACE (continued) 


Line Drivers and Receivers for Modem/Terminal Applications (continued) 


Differential Current Mode 


DRIVERS RECEIVERS 
MC75S110 — Dual; industry standard. MC75107/MC55107 — Dual; active pullup output. 
MC75108/MC55108 — Dual; open collector output. 
Inhibit 
Outputs meee Outputs Inputs Output Strobe 


v v 28 ON 
Veo 1¥ 1Z Vee 9 22 29 co Vee 2A Cc 2Y 2G 


Ta = Oto 70°C 
(MC75xxx) 
-55 to 125°C 
(MC55xxx) 


Packages: 
L Suffix ~ Case 632 
P Suffix — Case 646 





{MC75xxx only) 
1A 18 1c 2c 2A 28 Gnd i 
: ‘ ; (Inputs NC Output Strobe Strobe Gnd 
te lege vanene 1A 4B 1v 1G 8 
MC3453 — Quad; common inhibit input; current sink MC3450 — Quad; active pullup outputs; common three- 
approximately 12 mA. state enable. 


MC3452 — Quad; open collector outputs. 


E Vee Inputs 
A 
[15] Input B + 
Y Output A 
Output B 
2 All three devices: Strobe 
= 0, 
Z Ta =O0to 70°C Output ¢ 
Output D Packages: 
Y L Suffix — Case 620  japurs * 


P Suffix — Case 648 c 

















‘ BOTH DRIVERS ALL RECEIVERS 
10 (off) tPHL IH Ne 
uA Max ns Max Input VTH | @VipZOSV |} @Vip=-20V tPLH 
mV Max uA Max uA Max ns Max 





(es [0 Ps 





eT a 
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PERIPHERAL INTERFACE 


Dual Drivers 


...for relays, lamps, and other peripherals requiring more power than generally available from logic gates. 


Representative Diagrams 
MC754xx Series MC147x Series 


(MC75451/MC75461) (MC1472) 


Logic gates vary to provide output shown 
Logic Output 


MC75450 — Similar to MC75451, but with uncommitted 


output transistors. 
Sub 


Voc 2A 2¥ 2B 2C_ 2€ Strate 


All Devices 
Ta = Oto 70°C 
Packaging: 


MC75450 
L Suffix — Case 632 


(Including OV 
Transistor Inversion) 30 V 30 V 35V Hi-Z Input 


ANO MC75451 SN75451B* | MC75461 
NANO MC75452 SN75452B* | MC75462 
OR MC75453 SN75453B° | MC75463 
NOR MC75454 SN75454B* | MC75464 


P Suffix — Case 646 
MC75451—54/MC75461—-64 
P Suffix — Case 626 
U Suffix — Case 693 
MC1472 
_ Pl Suffix — Case 626 
U Suffix — Case 693 


MC1472 


*Same as equivalent MC types, but with guaranteed switching limits. 


Driver Arrays 


...Seven Dartington transistors with output clamp 
diodes. 


All Types: 
Vmax = 50 V 
Imax = 500 mA 


Ta =0 to 85°C 


Packages: 
L Suffix — Case 620 
P Suffix — Case 648 


Device 
Number Application tnput Element 


MC1411 General Purpose Basic 

MC1412 18-25 V PMOS Zener and Series 105k 
resistor 

Series 2 7 k&? resistor 

Series 10.5 kQ2 resistor 


5 V CMOS or TTL 
8-18 V MOS 


MC1413 
MC1416 


Output Ref Line 
Input tnput 2 


Dual Receiver 


MC75140P1 — Dual single-ended receiver with common 
strobe and reference inputs for maximizing noise 
immunity. Useful for bus-organized (party line) 
TTL systems. 
Ta =0to 70°C 


VTH Vref tPLHIL 
rw } Package — Case 626 - a] 
1 Input Input 1 
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NUMERIC DISPLAY INTERFACE 





... formating multiplexed LED or gas discharge numeric displays to MOS or TTL logic systems. 


LED Drivers for Common-Cathode Displays 


MC75491 — Quad segment driver MC75492 — Hex digit driver 


Both Devices: 
Ta = Oto 70°C 


Packages: 
L Suffix — Case 632 
P Suffix — Case 646 


iT 
oe VoL e lot |} Vss 
Number mA Max Volts Max mA | Volts Max 
MC75491, 
MC75492 


Gas Discharge Drivers 


MC3491 ; MC3490 — High Level 
mMc3492. Eight segment cathode drivers with . MC3494 — Low Level 


programmable current. Seven digit anode drivers 


Output 
Programming ; A 


Current Output 1 Output 


Input 1 s Output 2 8 
Output 

Output 3 c 
: Output 

All Devices: | o 
Output 5 Ta = 0 to 70°C Output 

E 

Output 6 

is Output 

Output 7 . F 
Output 


Output 4 


Output 8 
Substrate (Gnd) 


Package: P Suffix — Case 701 * Inverter on MC3494 only. 
Package: P Suffix — Case 648 


Current Output Voltage Breakdown | Input Voltage [input Voltage} Input 
Output Breakdown Deviation Compliance Voltage (OFF-State) 


(ON-State) | Current 
Device ]ON Current | Voltage |(All 8 Outputs) Range Volts Min Volts Volts LA Max 
Number | mA Max Volts Min % Max Volts 


mMc3480 48 -5.0 Min -2.0 Max 450 
MCc3491 1.85 80 5.0 to 50 MC3494 48 -2.0 Max -6.0 Min -350 
MC3492 5.25 80 6.0 to 60 
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PRECISION CIRCUITS —_ DATA CONVERSION 








Low-cost building blocks for construction of D-a/ 
A-D systems. Involves use of advanced technologies 
such as ion implantation, laser trimming and CMOS 


eassang where necessary to achieve the required 
functional capability, operating accuracy and production 
repeatability. 


D-A Converters — General Purpose 


10-Bit 
baa | 


Al A2 A3 A4 A5 AG A7 AB AGAIN 
oO oO Oo ©) 1 ©) oO oO oO Oo o 


Range 


Control 
Oo- Current Switches 


Ladder Terminators 
and 
Trimming Networks 


R-2R Ladder 


Vret(+) 


Reférence 
Current 


tr 
Amplifier elncgey 


VEE Compen. Gnd 


\ 


--- Dotted terminals available 


Multiplying D-A converters designed to supply an 
Output current that is a linear product of an analog input 
reference voltage and a digital input word. Devices for 
6-, 8- and 10-bit digital word inputs are available. 


Device Error tSettling 
Number |% Maxi mW Max] ns Typ 


ieee 506° £078 
| Mci406 | 


8 Bit 


| u | 620 | 
| MC1408L8 | 

! 

Pu 620 


| Mc3510" To os Pe t= [690% 5 
MC3410 3.8 to 4.2 
MC3410C L,P | 690, 648 


"Ta = -55 to 128°C, 


Devices without asterisk. Ta = 0 to 70°C. 


on 6- and 8-bit units only. 


D-A Converters — High Speed 


MC10318 — A high speed 8-bit D/A converter capable of data conversion 
rates in excess of 25 MHz. It is intended for applications in high speed 
instrumentation and communication equipment, display processing, storage 
oscilloscopes, radar processing, and TV broadcast systems. The inputs are 
compatible with MECL 10,000 series logic, while the complementary current 
outputs have 51 mA full scale capability. 8-bit accurate (t 1/2 LSB) and 
monotonic over the full temperature range, the outputs typically settle in less 
than 15 ns. 


Ta =0 to 70°C 


t 


Packages: 
L Suffix — Case 620/690 


Device Error - tSettling 
Number % Max x ns Typ 
MC10318L +0.19 
MC10318L9 +0.10 
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PRECISION CIRCUITS — DATA CONVERSION (continued) 


A-D Subsystems 





2-Chip A-D Converter System Functional Diagram 


These devices are relatively complex 
Full 9 S724 4 9 subsystems. The bipolar, dual-ramp A-D 


Scale 


Can converter has up to 4-1/2-digit conversion 


os acters capability. The CMOS logic subsystem 
specifically adapts the A-D converter to a 


Fame : 9 ° 3-1/2-digit DVM function. 
Control 


gg Strobe Latches 


Multipiex 
Sesame 


Cigital Digit 
j Output Select 
MC1505/1405 — A-D Converter MC14435 — Digital Logic 
, (See CMOS Data Book for data.) 


MC14435EFL/EVL* — Ta = -55 to 125°C— Case 620 
MC1505L — Ta =-55 to 125°C — Case 620 MC14435FL/VL* —T,a=-40to 85°C — Case 620 
MC1405L—-Ta=Oto 70°C  — Case 620 MC14435FP/VP* —T,a=-4010 85°C — Case 648 


Temperature foL loL lot 
Linearity Voltage Coefficient lec Pciquiescent) | @ Vpp = 5.0 Vj @ Vpp = 5.0 V/@ Vpp =5.0V 
Error Reference of Reference @Vpp = 5.0 V| (Digit Selects) | (BCD Outputs) | (All Outputs) 

mA Min mA Min mA Min 


*MC14435EFL/FL/FP: Vpp = 3.0 to 18 Vde 
MC14435EVL/VL/VP: Vpp = 3.0 to 6.0 Vde 


Precision Low-Voltage A family of precision low-voltage bandgap voltage 


reference, these devices are designed for applications 


References requiring low temperature drift. 


MC1403/MC1503 Packages: MC1404/MC1504 
U Suffix — Case 693 
Nc [1] 


Vout AVout/4T *Stine Regioad 


Device 4.5< V) <15 V/ Vin * Voutt 0.0 mA Ta 


Volt oC 
ke Ad Number IBV<Vj<40V] 25Vt040V | I9<t10mA °¢ 


Typ Max 


2.5 + 25 mv | 40 | mci4o3__—si 3.0/4.5 N/A 0 to +70 
125 | Mc14034 | 
ee ~66 to +125 
p25 MCIB03A 
| 25 | MC 1404AU5 
[65 | MCi604U6 ~85 to+126 
| 25 | MC 1504AU5 

6.25 t 60 mV | 40 | McC1404U6 0 t0 +70 
| 25 | Mc 1404AU6 


[66 | Mc1s04U6 ~65 to +125 
[25 —«|~+=MC1504AU6 


10 t 100 mV J 40 MC 140410 0 to +70 


| 85 | MiB 04u10 ; —BB to +125 
|___25_ c1504Au10 | 
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VOLTAGE COMPARATORS 


General Purpose Comparators 


. for detecting the polarity relationship between two 
analog levels and giving a corresponding TTL output. 


MC1710 — Ta =-55 to 125°C 
MC1710C — Ta = 0 to 70°C 
Single comparators 


Packages: 


MC1711  — Ta =-55 to 125°C 

MC1711C — Ta = 0 to 70°C 
Dual comparators with strobes and wire-ORed 
outputs 


G Suffix — Case 601 (MC1710) 
Noninv G Suffix — Case 603 (MC1711) «| [NPUtsT 
input L Suffix — Case 632 
Inv P Suffix — Case 646 (for Vv 


*Connected to pin 6 via the substrate on 
some plastic units. 


MC1514 — Ta = -55 to 125°C 
MC1414 — Ta =0 to 70°C 
Dual comparators with strobes. 


inverting 


Non-inverting 


Non-Inverting 5 | 
Input 


Inverting 


Packages: 
L Suffix — Case 632 
P Suffix — Case 646 (MC1414 only) 


MC1710C, MC1711C only) 


Inputs 2 


(Pin Connections 
for L or P Package) 


*Connected to pin 4 via the substrate on 
some plastic units. 


Device Vio iB AVOL 
Number mV Max HAN Max V/V Min 
MC1710C 
MC1710 
MC1711C 
MC1711 


MC1514 
MC1414 
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VOLTAGE COMPARATORS (continued) 


Precision Comparators 


a 


Gnd] 1 8 Vec 
7 Output 


6 Balance/Strobe 
. .. featuring low input loading, high voltage gain, and a Vee 4 5 Balance 


choice of either dual or single positive power supply : (Pin Connections for J-8 or N Package) 
operation. 


Packages: 3 
H Suffix — Case 601 
J-8 Suffix — Case 693 
= =. {o) , J Suffix — Case 632 
sie _ is es ee se ates N Suffix — Case 626 (LM311 only) : .,: 
LM311 — Ta =0 to 70°C 


. ‘ ae ata he ; V 
Single comparators; high gain, high input imped- Device Vio he @ to. or mA 
ance; strobe and balance inputs provided. Number mV Max nA Max Volts Max 
3.0 
3.0 : 


2 
Inputs 


LM111 100 1.5 
LM211 100 1.5 
LM311 7.5 250°. 4 15 


Quad Comparators ... for applications requiring multiple comparators. 


LM139 
LM139A 


~— High-speed quad comparators with three- MC3302 
state Enable common to all four devices; LM2901 
+5 volt supply; Ta = 0 to 70°C. LM239 


LM239A 


bt, = ~55 to 1250C 
MC3430 
MC3431 


— Ta = -40 to 85°C 


MC3432 


. LM339 
— Quad comparators with open collector \ — Ta = 0 to 70°C 
Mesie? outputs, common strobe input; £5 volt LM339A 


supply; TA = 0 to 70°C. Single supply voltage comparators. 


Packages: 
L Suffix — Case 620 
P Suffix — Case 648 


Inputs 


Strobe 


Output C Packages: 
J Suffix — Case 632 
N Suffix — Case 646 (For 
all devices except 
LM139, LM139A) 


10 t Isink 
Device | @ 25°C | @ 25°C | @Vo, = 500 mV! Gio, = 4.0 mA 
Number | mV Max | nA Max mA Min mV Max 


Device Vis lis tPHL MC3302 
Number mV Max nA Max ns Max LM2901 


MC3430 +6.0 20 45 ie 
Mmc3431 £10 20 45 Shapes 
MC3432 +6.0 20 50 


MC3433 +10 20 50 LM239A 
LM339 


LM339A 
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Crosspoint Switch 


MC3416 — Low-cost solid-state crosspoint switch 
offers important advantages in modern telephone 
exchanges employing space-division switching. 
Features 4 x 4 two-wire monolithic structure for 
PABX applications. Select inputs are both CMOS 
and TTL compatible. 


Ta =0 to 70°C 


Packages: 
P Suffix — Case 649 
L Suffix — Case 623 


off fon BVAK 
@VaKk=10V 1 Slax =20mA!] BVKA 
M2 Min Ohms Max Volts Min 


Voice Encoding/ Decoding 


Simplified voice encoding/decoding using continuous 
Variable Slope Delta Modulator (CVSD) technique. 


VaK 
@ lak =20mA 
Volts Max 


MC3417/MC3517 — 3-bit' algorithm; for military secure 
communication and general-purpose low- 
sampling rate applications. 


MC3418/MC3518 — 4-bit algorithm; telephone quality. 


Ta = 0 to 709°C — MC3417/MC3418 
= ~55 to +1259C — MC3517/MC3518 


Device 
Nuraber 
MC3417/MC3517 
MC3418/MC3518 


Total Loop 
Offset Voltage 
mV Max 


Sample Rate 
Samples/s 
Typ 


CVSD Encoder 
Clock 


Comparator 


Slope 
Command 


Pulse 
Amplitude 
Modulator 

{PAM) 


integrator 


COMMUNICATION INTERFACE (Telephony) 


tpp, Clock Trigger 
to Output 
. us Max 


Digital 
Out 





Cathode 
22 
Cotumn 
Select A 
Cotumn 
Select 8 
Cotumn 
Select C 
Column 
Select 


Row Select 
Y 
Cathode 
vt 
Anode 
02 


Analog 
Input 


Analog 
Feedback 


Syllabic 
Filter 


Gain 
Control 


Ref 


input (+) Ls | 
Filter 
input (IL S| 


Packages: 
L Suffix — Case 620 
P Suffix — Case 648 


Coincidence 
Output 


vce 2 
Output 


Digital 
Output 


CVSD Decoder 


Algorithm 


Slope 


Oigitai 
Command 


In 


Puise 
Amphtude 
Modulator 

(PAM) 


Integrator 





COMMUNICATION INTERFACE (Telephony) (continued) 


Digital Voice Channel 


SUBSCRIBER LOOP INTERFACE CIRCUIT 


MC3419/MC3519 — Designed to replace the hybrid 
transformer in Class 5, PBAX and Subscriber Carrier 
Equipment, this circuit provides signal separation for 
two-wire differential to four-wire single-ended conver- 
sions and suppression of longitudinal! signals at the two- 
wire input. The transhybrid gain is externally selected 


Ta = 0 to 70°C — MC3419 
= -40 to +85°C — MC3519 


EN 


VEE1 


and provides dc line current for powering the telset. It 
operates from up to a 60 V supply. On-hook power is 
below 5 mW and current sensing outputs are provided 
for off-hook status from both tip and ring leads. It 
offers size and weight reduction over present approaches 
and is compatible with IEEE and REA specifications. 


Packages: 
L Suffix — Case 726 
P Suffix — Case 701 


MC3419 


VaG 
Analog Ground Ref 


VEE2 
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MEMORY/MICROPROCESSOR SUPPORT 


Temperature Range 


Commercial 


MC1444 
MC3232A 
MC3242A 
MC3245 
MC3459 
MC3461 
MC3467 
MC3468 
MC3470 
MC3480 
MC6875 


MC6880A/ 
8T26A 


MC6881/ 
3449 


MC6882A, B/ 
MC3482A, B 


MC6885-88/ 
MC8T95-98 


MC6889/ 
8T28 


MC68390 
MC75365 
MC75368 
MMHO026C 


Military 


MC1544 


MC6875A 


MC6890A 


MMH0026 
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MOTOROLA 


HIGH-SPEED, LOW THRESHOLD SENSE AMPLIFIERS 


The MC1444 and MC1544 are high-speed quad sense amplifiers 
for use with plated wire, thin film or other memory systems requiring 
very low threshold sensitivity and narrow pulse widths. Both devices 
feature internal capacitive coupling to reduce the effects of voltage 
offsets. 


@ Threshold Level — 1.5 mV (Typ), 100 ns Rectangular Pulse 
@ Decoded Input Channel Selection 
© Output Strobe Capability 


@ DC Level Restore Gate on Internal Capacitors Eliminates Repe- 
tition Rate Limitations 


FIGURE 1 — BLOCK DIAGRAM 


VOLTAGE 
REGULATOR 


© 9 OUTPUT 


CHANNEL (7 of” ONE-OF-FOUR 


SELECT i960 DECODER 
INPUTS RS : 


CAPACITOR, 
RESTORE 11 
INPUT 


TRUTH TABLES 


Channel Select 


Pin | Pin | Channel 
7(X) | 8(Y) | Selected > 
A H = high level (steady state, Vj @ Vin(min) OF Vio >Vth 
B L = low level (steady state), Vj) < Vy L (max) Of Vio <Vth 
Cc X = irrelevant (any input, including transitions) 
D J = transition from low level to high level 


“LT = low-level output pulse 


Mc1444 
MC1544_ 


AC-COUPLED 
FOUR-CHANNEL 
SENSE AMPLIFIER 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


mn 


L SUFFIX 
CASE 620 


Inputs Inputs 
Channel C Channel 8 


Inputs Inputs 
Channel D Channel A 


Capacitor 
Restore 
Input 


Strobe 
Inputs 


Channel 
Select 





x 


*Channel A used as an example, other channels 
function similarly. See channel select table. 





MC1444, MC1544 


MAXIMUM RATINGS (T, = +25°C unless otherwise noted). 


Power Supply Voltages! 1) 
VEE 

Input Common-Mode Voltage Range VICR 

Input Differential-Mode Voltage Range!2) VIDR 


Input Capacitor Restore, Channe! Select, and 
Strobe Voltage 


Power Dissipation (Package Limitation) 
Derate above Ta = 25°C 


Operating Ambient Temperature Range 


Storage Temperature Range 
Operating Junction Temperature 





(1) All voltage values, except differential voltages, are with respect to the network ground terminal. 
(2) Differential input voltages are at A1 with respect to A2, and similarly B1 to 82, C1 to C2, and D1 to D2 


FIGURE 2 — EQUIVALENT CIRCUIT SCHEMATIC 
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RECOMMENDED OPERATING CONDITIONS 





Power Supply Voltages Vcc 4.75 Vv 
VEE -5.7 


vcd 


MC1444, MC1544 


ELECTRICAL CHARACTERISTICS (Unless otherwise noted, specifications apply for 4.75 V < Vcc < 5.25 V, -5.7 V > Veg > -6.3V, 













N 
b 


Output Voltage-High Logic State VOH 
(lov = -400 uA) 
Positive Power Supply Current loc 
Negative Power Supply Current 


SWITCHING CHARACTERISTICS (unless otherwise noted, Ta = 25°C, Voc = 50 V, Veg = -6.0 V) 


Differential Inputs to High Logic State Output 
Propagation Delay Time ; tPHLI(D) 
Differential Input to Low Logic State Output 


Strobe Input to High Logic State Output 
Strobe Input to Low Logic State Output 
Application of Differential Input Voltage 
Signal to Application of the Capacitor Restore Signat 
Application of Differential Input Signal 
Lead Time from Application of Capacitor Restore tLiCR) 
Signal to Application of Differential Input Signal 


w 
fo) 
w 
3° 
3 


Ta = 25°C.) 
1 
Characteristic Pe ae ee 
(Vcc = 5.0 V, Veg = -6.0 V, Ta = Thigh tO Tow! (1) 
[input bres Current (Seictedchamef e | | | | | mf mf 
[input Offset Gurent (Selected Channel) ————«dt wo f - | © | | - | 70 | 10 | va 
Channel Select Input Current-High Logic State, Coe ee ee Le ee Gee 
(Vinics) = 35V) 
Channel Select Input Current - Low Logic State, Co Se he Ea Ree ke Ge 
(Vitics) = 9 V) 
Capacitor Restore Input Current - High Logic State, NWH(CR) uA 
Capacitor Restore Input Current-Low Logic State, HLICR) Peel eee -35 al a Go 
(ViLicR) = 9 V) pe 
Strobe {nput Current-High Logic State, NHS) 200 200 uA 
Strobe Input Current-Low Logic State oe Belea 200 ae ae 200 
(Vitis) = 9 V) 
T= [= te = = fer fv 
A 
[ Capacitor Rettore Input Voltage-Low Logiestate | Viicr) | - | -] 08 | - | ~ | 08 | v__ 
eae a) Te 
ee a ee 
Poof ooo peo he fw 
VICR- ~6.0 -60 
P- [es7 | - | - |ss7[- |v | 
Output Voltage-Low Logic State VoL Vv 
a gs il Lact Waa [aa al 
Ee Eee 2 Eee ee ee ee 








w 
o 


wW 
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Common-Mode Recovery Time 
(eind = +20 V) 
(ein 4 = -2.0 V) 
Differential-Mode Recovery Time 
(end = +10V) 
(ein1 = -1.0 V) 


TCMR+ 
tcMR- 












IDMR+ 
toMR- 








(1) Thigh = 75°C for MC1444, 125°C for MC1544. 
Tlow= 0°C for MC1444, -55°C for MC1544. 


MC1444, MC 1544 


FIGURE 3 — THRESHOLD VOLTAGE TEST CIRCUIT 
VEE Vcc 
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= CHANNEL SELECT 
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MC 1544 





CAPACITOR RESTORE 


STROBE 


CT includes probe, wiring, and toad capacitance 


50 


of Cs) 


FIGURE 4 — SWITCHING CHARACTERISTICS TEST CIRCUIT 





FIGURE 5 — THRESHOLD VOLTAGE TEST 
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NOTE en, 
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< 10 ns 


CHANNEL SELECT 


- A 
ee CHANNEL 


VEE vec 


56 Tr 560 











MC1444 
MC1544 


LATCH RESET LINE 
CAPACITOR RESTORE 


STROBE 


Diodes are 1N916 or equivalent 
CT includes probe, wiring, and load capacitance 


FIGURE 6 — tL (CS). tL(CR)- tL(S)- tPLH(D) 
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SELECT X Sues arias 
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dt ee 
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D—p>- 


e 3V- 
3 CHANNEL 


e 3V 
"4 CAPACITOR 


Ofout 
MTTL WI GATES 
MC3110 or equiv 


© 
FIGURE 7 — tpLHi{s). tPHL(S) 

0 
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e 
"1 INPUT 
SIGNAL 


are 
2 CHANNEL 
SELECT X 


SELECT Y 


RESTORE 


Vo 





NOTE ein) -¢ 
mcd Tat cto ns 


MC1444,MC1544 


VOH 
Vor 
VIH(S) 


Vitis) 


Vth 


ViCcM+ 
VicM- 


VIH(CR) 
VILICR) 
VIH(CS) 
ViLics) 
Vip 
OH 


lou 
NIH(S) 


NLts) 


tCMR+ 


tL(CRO) 


FIGURE 8 — tpLHics). tPHL(CS) 


e, 
"1 INPUT 
SIGNAL 


e 
"2 CHANNEL 
SELECT X 


e 
"3 CHANNEL 
SELECT Y 


e, 
"4 capaciToR® 
RESTORE 


*98 STROBE 


fout qutPUT 
VoL 





'PHL(CS}—-t+-—+| 


NOTE To test other channel select input, 


j—+|-—tPLH(CS) 


ing and fing 
aint- eing {rth <10ns 


reverse e, 


DEFINITIONS 


Output Voltage — High Logic State 

Output Voltage — Low Logic State 

The minimum high-level voltage at the strobe input which 
will allow normal operation during the threshold test 
The maximum low-level voltage at the strobe input which 
will result in Voy at the output regardless of in- 
put signals ‘ 
The minimum input signal (e,,,) required to drive the 
MTTL II gates to obtain the eg waveform shown in 
Figure 5 

The maximum common-mode input voltage that will 
not saturate the amplifier 

The minimum common-mode input voltage that will not 
break down the amplifier 

The minimum high-level voltage at the capacitor restore 
input required to insure that the capacitors are clamped 
i.e., the input threshold voltage is greater than 10 mV 
The maximum low-level voltage at the capacitor restore 
input which will allow normat operation during the 
threshold test 

The minimum high-level voltage at a channel select in- 
put required to insure that the total of the base currents 
of all unselected inputs ts fess than 1.0 uA 

The maximum low-level voltage at a channel select tn- 
put required to insure that the total of the base currents 
of all unselected inputs ts less than 1.0 uA 

The maximum differential-mode input voltage that will 
not saturate the amplifier 

Output Source Current — High Logic State 

Output Sink Current - Low Logic State 

The current into the strobe input when the inputs at a 
high-level of 3 5 volts 


The current into the strobe input when the input ts ata 
low-level of 0 volts 


The minimum time between the 50% level of the trailing 
edge of a + or - 2 volt common-mode signal (tTLH. tTHL 
< 15 ns) and the 50% level of the leading edge of a 
5 mV input pulse when the capacitor restore and strobe 
inputs are used in a normal manner as shown 1n Figure 22 
The minimum time between the 50% level of the leading 
edge of a 50 mV input offset signal and the 50% level of 
the leading edge of the capacitor restore pulse as shown 
in Figure 9 


tL(CR) 


tLics) 


tPLH(CS) 


tPHLICS) 


. 


tDMR+ 


tPLH(D) 


tPHL(D) 


tL(S) 


tPLH(S) 


tPHL(S) 


NHics) 


NHICR) 


NLics) 


NLICR) 
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FIGURE 9 — tL (cro) 


en) SmV Pos 
COMPOSITE (no scale) ‘50% 
INPUT 50 mV - ~~ — 1 
SIGNAL : 50% i 


*ing 
CHANNEL 
SELECT X 


] 
3V-- 
! t 
i = 
e BR 
"Scuanner 2% (4 
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SELECT Y 
oF b- tL{CSO} 
Ping 3V ; 
CAPACITOR 50% - - 
RESTORE cae 
ing Lae T 
STROBE 
0 


e 
out OUTPUT 


NOTE tTLH < 10 ns 


emt” na {TH 


The minimum time between the 50% level of the leading 
edge of the capacitor restore signal and the 50% level of 
the leading edge of a 5 mV input signal as shown in 
Figure 6 

The minimum time between the 50% level of the leading 
edge of the channel select and the 50% levet of the 
leading edge of a 5 mV input signal as shown in Figure 6 
The delay time from the 50% level of the trailing edge of 
the channel select signal to the 1.5 volt level of tne 
positive edge of the output when the input to the selected 
channel is held at the ‘1’ level as shown in Figure 8 
The delay time from the 50% level of the leading edge of 
the channel select signal to the 1.5 voit level of the 
negative edge of the output when the input to the select- 
ed channel ts held at the ‘1°’ level as shown in Figure 8 


The minimum time between the 50% level of the trailing 
edge of a + or - 1 volt differential-mode signal (tt LH, 
tTHL S15 ns) and the 50% level of the leading edge of 
a 5 mV tnput pulse when the capacitor restore and strobe 
inputs are used in a norma! manner as shown in Figure 23 
The delay time from the 50% level of the trailing edge 
of a 5 mV input signal to the 1.5 volt level of the posi- 
tive edge of the output as shown in Figure 6 

The delay time from the 50% level of the leading edge 
of a 5 mV input signal to the 1.5 volt level of the nega- 
tive edge of the output as shown in Figure 6 

The minimum time between the 50% level of the leading 
edge of the strobe and the 50% level of the leading edge 
of the input signal as shown in Figure 6 

The delay time from the 50% level of the traiting edge 
of the strobe to the 1.5 voit level of the positive edge of 
the output when the input ts held at the High Logic Level 
as shown in Figure 7 

The delay time from the 50% level of the leading edge 
of the strobe to the 1.5 volt ievel of the negative edge of 
the output when the input is held at the High Logic 
Level as shown in Figure 7 

The current into the channel select input when the input 
1s at a high-level of 3.5 volts 

The current out of the capacitor restore input when the 
input is at a low-level of O volts 

The input current to a channel select input when that 
input ts at a high-level of 3.5 volts 

The current into a channel select input when the input 
1s at a low-level of 0 volts 


MiC1444, MC 1544 


TYPICAL CHARACTERISTICS 
(Ta = +25°C unless otherwise noted) 


FIGURE 10 — THRESHOLD VOLTAGE versus TEMPERATURE 


Veqe THRESHOLD VOLTAGE (mV) 


T, TEMPERATURE (°C) 


FIGURE 12 — THRESHOLD versus INPUT OFFSET VOLTAGE 


Vin THRESHOLD VOLTAGE (mV) 


Vio, INPUT OFFSET VOLTAGE (mV) 


FIGURE 14 — OUTPUT VOLTAGE 
versus CURRENT and TEMPERATURE 


VOL, OUTPUT VOLTAGE LOGIC STATE (mV) 


loL, OUTPUT CURRENT-LOW LOGIC STATE (mA) 
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FIGURE 11 — THRESHOLD VOLTAGE versus POWER SUPPLIES 
16 


Vth. THRESHOLD VOLTAGE (mV) 
° 
LJ 





Voc. POWER SUPPLY VOLTAGE (VOLTS) 


FIGURE 13 — THRESHOLD VOLTAGE versus PULSE WIDTH 


~ Vip THRESHOLD VOLTAGE (mV) 





PW, PULSE WIDTH (ns) 
(10% LEVEL OF TRIANGLE) 


FIGURE 15 — SENSE AMPLIFIER RESPONSE 
versus TEMPERATURE (See Figure 3 and 6) 





20ns/DIV. 


MC1444, MC1544 


TYPICAL CHARACTERISTICS (continued) 


FIGURE 17 — CAPACITOR RESTORE 
FIGURE 16 — INPUT IMPEDANCE versus FREQUENCY TIME versus INPUT OFFSET VOLTAGE 
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f, FREQUENCY, MHz Vg: INPUT OFFSET VOLTAGE (mV) 
FIGURE 18 — AMPLIFIER INPUT TO FIGURE 19 — STROBE TO 
OUTPUT TRANSFER CHARACTERISTIC ‘ OUTPUT TRANSFER CHARACTERISTICS 
50 5 
ee ee ee ee ee ie 


Vo, OUTPUT VOLTAGE, PIN 9 (VOLTS) 
Vo, OUTPUT VOLTAGE (VOLTS) 





0 0.5 20 
V1, INPUT VOLTAGE (mV) Vi(s), STROBE INPUT VOLTAGE (VOLTS) 
FIGURE 20 — CHANNEL SELECT X to ; FIGURE 21 — CHANNEL SELECT Y to 
OUTPUT TRANSFER CHARACTERISTICS OUTPUT TRANSFER CHARACTERISTICS 


+1250C, Veg =-5.7V 
+1269C, Veg = -B.0V 
+1259C, Veg =-6.9V 


-§5°C, Veg =-6.3V 


an Saas ee 
SES ST | 
3.0 


Vp, OUTPUT VOLTAGE, PIN 9 (VOLTS) 
Vp, OUTPUT VOLTAGE, PIN 9 (VOLTS) 
a 
Po eT 





i] 

2 

a 

' 

i] 

i 

H 

! 

I 

I 

mI 

Bl 

z 
20 


Vi(CS), CHANNEL SELECT INPUT VOLTAGE, Pin 7 (VOLTS) Vics), CHANNEL SELECT INPUT VOLTAGE, Pin 8 (VOLTS) 


MC1444, MC1544 


FIGURE 22 — COMMON-MODE CHARACTERISTICS 


Note The 5mV tnput Signal (Differential) is superimposed on the 
Common-Mode Input and ts shown separately for reference only 


z ———$—<——<$<——— 
/ COMMON-MODE INPUT 2 V/olv 


SIGNAL INPUT 10 mV/pIV 


CAPACITOR RESTORE 5 V/DIV CAPACITOR RESTORE 5 Vipiv 


STROBE INPUT 5 VypIV - STROBE INPUT 5 V/DIV 


OuTPUT 2.5 V/DIV 


\ 
2S/DIV .- ae "25 98/DIV 





‘FIGURE 23 — DIFFERENTIAL-MODE CHARACTERISTICS 


Note The SmV Input Signal is superimposed on the Differential 
Input and 1s shown separately for reference only 


2 A A me a . lS 


DIFFERENTIAL INPUT 1 V/DIV 
\ DIFFERENTIAL INPUT ! V/piv \ ] 


SIGNAL INPUT 19 MV/pIV . SIGNAL INPUT 10mMV piv 


CAPACITOR RESTORE 9 V/Dtv : CAPACITOR RESTORE 5 V/Div 


STROBE INPUT 5 Vipiv STROBE INPUT 5 V/DIV 


eee ene eed 


output 2-5 Vioiv ouTPuT 25 Vipiv 


25 "S/DIV—— 
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(AA) MOTOROLA 


MEMORY ADDRESS 
MULTIPLEXER 
AND REFRESH 

ADDRESS COUNTER 


MEMORY ADDRESS MULTIPLEXER 


The Motorola MC3232A is an address multiplexer and refresh 
counter for 16-pin4K dynamic RAMs that require a 64-cycle refresh. 
It multiplexes twelve system address bits to the six input address 
pins of the memory device. The MC3232A also contains a 6-bit 
refresh counter that is clocked externally to generate the 64 sequen- 
tial addresses required for refresh. The high performance of the 
MC3232A will enhance the high speed of the fast N-channel RAMs 
such as the MCM4027. 


SCHOTTKY 
SILICON MONOLITHIC 
INTEGRATED CIRCUITS 


L SUFFIX 
| CERAMIC PACKAGE 
CASE 623 


P SUFFIX 
PLASTIC PACKAGE 
CASE 649 


@ Simplifies 16-Pin 4K Dynamic Memory Design 
Reduces Package Count 
6-Bit Binary Counter for 64 Refresh Address 
Multiplexing: Row Address/Column Address/Refresh Address 
High Input Impedance for Minimum Loading of Bus: 
IF = 0.25 mA Max 
Schottky TTL for High Performance Address 
Input to Output Delay 
tao = 25ns @ Cy, = 250 pF, 9.0 ns Max @ Cy = 15 pF 
Second Source to Intel 3232 
(Detect Zero Function Not Included and Additional 
Power Fail Feature Added at Pin 13) 


24Vcc 


23 Row 
Enable 
22 AS 


21A11 
20 A4 
19 A10 
AO 18 A3 
AG 17 A9 
60 9 16 03 
0210 15 04 
0131 1405 
Gnd 42 13 CE* 


Al 
A7 
A2 
A8 


LOGIC DIAGRAM 


1 
2 
3 
4 
5 
6 
7 
8 


Address | 
Lines | 
Note: AO Through AS Are Row Addresses 
A6 Through A11 Are Column Addresses 
*See Pin Definitions 


I 
| 
A 


TRUTH TABLE AND DEFINITIONS 
eae aera 
(From Internal Counter) 
L Row Address 
ee eee 
L L Column Address 
ee ae eee 


Count — Advances Interna! Refresh Counter 


Refresh 
Enable 


Row 
Enable 


VW 


8: 


*See Pin Definitions 
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MC3232A 


ABSOLUTE MAXIMUM RATINGS (Ta = 25°C unless otherwise noted.) “Absolute Maximum Ratings” are those 


Rating values beyond which the safety of the device 

cannot be guaranteed. This is a stress rating 

Power Supply Voltage only and functional operation of the device 
Input Voltage at these or any other conditions above those 
Output Voltage indicated in the operational sections of this 
Output Current specification is not imptied. Exposure to 
absolute maximum ratings for extended 


Operating Ambient Temperature . 2 
Periods may affect refiability. 


Storage Temperature 


Junction Temperature 
Ceramic Package 
Plastic Package 





ELECTRICAL CHARACTERISTICS (Unless otherwise noted, Min/Max values apply with 4.5 V < Vcc < 5.5 V, 0°C < Ta < 75°C; 
typical values apply with Vcc = 5.0 V, Ta = 25°C.) 
Characteristic 
Input Current, Low Logic State 
(ViL = 0:45 V) 
Input Current, High Logic State 
(Vipy = 5.5 V) 
Input Voltage, Low Logic State 
Input Voltage, High Logic State 
Output Voltage, Low Logic State 
(lo_ = 5.0 mA) 
Output Voltage, High Logic State 
(lo = -1.0 mA) 


Input Clamp Voltage Vic 
(Wo =-12 mA) 


Power Supply Current 
(Vcc = 5.5 V) 


SWITCHING CHARACTERISTICS (Unless otherwise noted, Min/Max values apply with 4.5 V < Vcc < 5.5 V, O°C < Ta < 75°C; 
typical values apply with Voc = 5.0 V, Ta = 25°C.) 


Characteristic 


Propagation Delay Times 
Address Input to Output 
(Load = 1 TTL, Cy = 250 pF) 
(Load = 1 TTL, CL = 15 pF, Voc = 5.0 V, Ta = 25°C) 
Row Enable to Output 
(Load = 1 TTL, CL = 250 pF) 





(Load = 1 TTL, CL = 15pF, Voc = 5.0 V,'Ta = 25°C) 
Refresh Enable to Output 

(Load = 1 TTL, Cy = 250 pF) 

(Load =1 TTL, CL = 15pF, Voc = 5.0 V, Ta = 25°C) 


Count Pulse Width 
Counting Frequency 
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MC3232A 


OUTPUT CURRENT, igy (mA) 


a 





Row 
Enable 


Address 


Input 
(AO—A11) 


Outputs 
(O0—O5) 


Refresh 
Enable 


Outputs 
(00-65) 


FIGURE 3 ~ OUTPUT CURRENT versus 








FIGURE 1 — AC WAVEFORMS with MCM6604 NORMAL CYCLE 


2.4V Column 
0.8V Address 


Refresh Enable — Low Logic State 


FIGURE 2 — REFRESH CYCLE 


2.4V (| 2.4V_ Refresh 


Address ( i Refresh Address aN Address 


TYPICAL CHARACTERISTICS 


FIGURE 4 — PROPAGATION DELAY versus LOAD CAPACITANCE 


OUTPUT LOW VOLTAGE Row or Column Address to Output 


ZO 





NEMEESE 


25 
Voc = 50V 
Ta = 25°C 

20 |- MEASURED 50% to 50% 





50 


So 
auacde 
CPPCC 





PROPAGATION DELAY TIME, tap (ns) 
= 
!\ 





0 





OUTPUT VOLTAGE, LOW-LOGIC STATE, Vo, (VOLTS) LOAD CAPACITANCE, C, (pF) 
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MC3232A 


PIN DEFINITIONS 


Count Input — Pin 1 
Active low input increments internal 6-bit counter 
by one for each count pulse in. 


Refresh Enable Input — Pin 2 
Active high input which determines whether the 
MC3232A is in refresh mode (H) or address enable (L). 


A0-AS Inputs — Pins 7, 3,5, 18, 20, 22 
Row address inputs. 


A6-A11 Inputs — Pins 8, 4, 6, 17, 19, 21 
Column address inputs. 


00-05 Outputs — Pins 9, 11, 10, 16, 15, 14 
_ Address outputs to memories. Inverted with respect 
to address inputs. 


Gnd — Pin 12 
Power supply ground. 


CE Input — Pin 13 

Optional use, chip enable control pin. Left open, an 
internal 50 kQ pullup resistor keeps this pin high and the 
MC3232A is a functional replacement for the Intel 3232 
(without detect zero function). As an active input, when 
pulled low, all 3232A outputs go three-state. Regardless 
of Pin 13 (CE) condition, when power (Vcc) 1s removed, 
all 3232A outputs go three-state. In addition, the refresh 
address counter is reset to all 1s so that upon return of 
supply power, control of refresh addressing can be returned) 
to the MC3232A (by pulling Pin 13 high) at a known 
address (i.e., all 1s). This option is available tested by 
consulting factory. 
Row Enable Input — Pin 23 

High input selects row, low input selects column 
addresses of the driven memories. 
Vcc — Pin 24 

+5 V power supply input. Due to high capacitance 
drive capability, a 0.1 uF capacitor should be used to 
ground along with careful Vcc and Gnd Bus layout. 


GENERAL 4K DYNAMIC RAM 
SIMPLIFIED BLOCK DIAGRAM 


Data Input © 


Address 
Bus MC3232A 


AO—A11 


Address 
00-05 


Refresh 
Enable 


Memory 
Control 


ak 4k 
Dynamic Dynamic 

RAM RAM 
MCM4027 MCM4027 
or Similar or Similar 


Output 
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MC3232A 


TYPICAL APPLICATION 
16K X 8-BIT MEMORY SYSTEM FOR M6800 MPU 


Note. Numbers in parenthesis indicate 
part types or values for 16K x 1 RAMs 


Power-On Reset 













System 
Clock 
MC6875 


MPU 


Crystal McC68s00 


(4 x MPU fg) T 










Data 
Bus 







Ref 
Grant 


Control] 
Bus 





Address 
Bus 


(AO — A13) 
Refresh Address 


Enable Multiplex 




























and Data 
Refresh Buffer 
Counter MC6880A 
Memory Control Row MC3232A 
MC3242A 
Circuit ane Timing Enable (MC3242A) 
MC3480 








Ref Cik 





00-05 
(OO — 06) 


Memory 
Array 


MCM4027 
(16K x 8) 
(MCM4116) 








(16K x 8) (16K x 8) (16K x 8) 
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DE 







(MA) MOTOROLA 


MEMORY ADDRESS MULTIPLEXER 
FOR 16K RAMS 


The Motorola MC3242A 1s an address multiplexer and refresh 
counter for 16-pin 16K dynamic RAMs that require a 128-cycle 
refresh. It multiplexes fourteen system address bits to the seven 
address pins of the memory device. The MC3242A also contains 
a 7-bit refresh counter that is clocked externally to generate the 
128 sequential addresses required for refresh. The high performance 
of the MC3242A will enhance the high speed of the N-channel 
RAMs such as the MCM4116, 


®@ Simplifies 16-Pin 16K Dynamic Memory Design 
Reduces Package Count : 
7-Bit Binary Counter for 128 Refresh Address 
Multiplexing: Row Address/Column Address/Refresh Address 
High Input Impedance for Minimum Loading of Bus: 
IF = 0.25 mA Max 
Schottky TTL for High Performance Address Input 
to Output Delay — 
tAO = 25 ns @CL, = 250 pF 
Second Source to Intel 3242 
(Detect Zero Function Not Included and Additional 
Chip Enable Feature Added at Pin 15) 


LOGIC DIAGRAM 


14 | 


Address | 
Lines | 


| 

i} 

| 

i} 

| 

i} 

| 7 
| Total 
| 

| 

| 

| 

| 


© Output O 


MC3242A 


MEMORY ADDRESS 
MULTIPLEXER 
AND REFRESH 

ADDRESS COUNTER 


SCHOTTKY 
SILICON MONOLITHIC 
INTEGRATED CIRCUITS 


L SUFFIX 
CERAMIC PACKAGE 
CASE 733 


P SUFFIX 
PLASTIC PACKAGE 
CASE 710 





Note: AO Through AG Are Row Addresses 
A7 Through A13 Are Column Addresses 


*See Pin Definitions 


TRUTH TABLE AND DEFINITIONS 


Enable Enable 
Refresh o (From Internal Counter) 
Enable Row Address 
an ite 
(A7 through A13) 


*See Pin Definitions 
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MC3242A 


ABSOLUTE MAXIMUM RATINGS (Ta = 259°C unless otherwise noted.) “Absolute Maximum Ratings” are those 


values beyond which the safety of the device 
Power Supply Voltage -0.5 to +7.0 


cannot be guaranteed. This is a stress rating 
only and functional operation of the device 
Input Voltage -0.5 to +7.0 


at these or any other conditions above those 
indicated in the operational sections of this 


Output Current as mA specification is not implied. Exposure to 
Operating Ambient Temperature Ta fo) absolute maximum ratings for extended 


eriods may affect reliability. 
Storage Temperature -65 to +150 % P M ¥ 


Junction Temperature Ty °c 
Ceramic Package 
Plastic Package 


Output Voltage -0.5 to +7.0 





ELECTRICAL CHARACTERISTICS (Untess otherwise noted, Min/Max vatues apply with 45 VV < Voc < 55 V, 0° « Ta < 75°C; 
typical values apply with Vcc = 5.0 V, Ta = 25°C.) 
Characteristic: 


Input Current, Low Logic State 
(Vip = 0.45 V) 


Input Voltage, Low Logic State 

Input Voltage, High Logic State 

Output Voltage, Low Logic State 
(toy = 5.0 mA) 

Output Voltage, High Logic State 
(loH = -1.0 mA) 





SWITCHING CHARACTERISTICS (Unless otherwise noted, Min/Max values apply with 4.5 V < Vcc < 55 V, 0°C < Ta < 75°C, 
typical values apply with Vcc = 5.0 V, Ta = 25°C.) 


Propagation Delay Times 
Address Input to Output 
(Load = 1 TTL, Cy_ = 250 pF) 
(Load = 1 TTL, Cy, = 15 pF, Vcc = 5.0 V, Ta = 25°C) 
Row Enable to Output 
(Load = 1 TTL, Cy = 250 pF) 


(Load = 1 TTL, Cy = 15 pF, Vec = 5.0 V, Ta = 25°C) 
Refresh Enable to Output 

(Load = 1 TTL, Cy, = 250 pF) 

(Load = 1 TTL, Cy = 15 pF, Voc = 5.0 V, Ta = 25°C) 


Count Pulse Width 
Counting Frequency 
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MC3242A 


FIGURE 1 — AC WAVEFORMS WITH MCM4116 NORMAL CYCLE 


Row 
Enable 


Address 


Input 
(A0-A14) 


Vv 
Outputs 2.4 V column 
(O0-66) ‘ og v Address 





Refresh Enable — Low Logic State 


FIGURE 2 — REFRESH CYCLE 


Refresh 
Enable 


Vv 
Outputs ia 2.4V ; (| 2.4V Refresh 
(60-66) Pag 4 Oa ee ogy Address 





TYPICAL CHARACTERISTICS 


FIGURE 3 — OUTPUT CURRENT versus FIGURE 4 — PROPAGATION DELAY versus LOAD CAPACITANCE 
OUTPUT LOW VOLTAGE Row or Column Address to Output 


Voc = 50V 
Ta = 25°C 
MEASURED 50% to 50% 


OUTPUT CURRENT, ip, (mA) 
PROPAGATION DELAY TIME, tap (ns) 


Eis vee ve Uli 
AORRESNERa 
gE ORE 





OUTPUT VOLTAGE, LOW-LOGIC STATE, Vo, (VOLTS) LOAD CAPACITANCE, C, (pF) 
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MC3242A 


PIN DEFINITIONS 


Count Input — Pin 1 
Active low input increments internal 6-bit counter 
by one for each count pulse in. 


Refresh Enable Input — Pin 2 
Active high input which determines whether the 
MC3242A 1s in refresh mode (H) or address enable (L). 


AO-A6G Inputs — Pins 9, 5, 7, 21, 23, 27 
Row address inputs. 


A7-A13 Inputs — Pins 10, 6, 8, 20, 22, 24, 26 
Column address inputs. 


00-06 Outputs — Pins 11, 12, 13, 18, 17, 16, 19 
Address outputs to memories. Inverted with respect 
to address inputs. 


Gnd — Pin 14 
Power supply ground. 


CE Input — Pin 15 
Optional use, chip enable control pin. Left open, an 
internal 50 kQ pultup resistor keeps this pin high and the 
_MC3242A is a functional replacement for the Intel 3242 
(without detect zero function). As an active input, when 
pulled tow, all 3242A outputs go three-state. Regardless 
of Pin 15 (CE) condition, when power (Vcc) is removed, 
all 3242A outputs go three-state. In addition, the refresh 
address counter is reset to all 1s so that upon return of 
supply power, control of refresh addressing can be returned 
to the MC3242A (by pulling Pin 15 high) at a known 
address ({i.e., all 1s). This option is available tested by 

consulting factory. 


Vcc — Pin 28 

+5 V power supply input. Due to high capacitance 
drive capability, a 0.1 uF capacitor should be used to 
ground along with careful Vcc and Gnd Bus layout. 





GENERAL 16K DYNAMIC RAM 
SIMPLIFIED BLOCK DIAGRAM 


Data Input O 


Address 
Bus 
AO0~A13 


Address 
00-06 


MC3242A 


Refresh 
Enable 


Row 
Enable 


Memory 
Contro! 


16K 
Dynamic 
RAM 
MCM4116 


16K 
Dynamic 
RAM 
MCM4116 


or Similar or Stmitar 


O Data 
Output 
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MC3242A 


TYPICAL APPLICATION 
16K X 8-BIT MEMORY SYSTEM FOR M6800 MPU 


Note’ Numbers in parenthesis 


Part types or values for 


Power-On Reset 









System 
Clock 
MC6875 


Crystal 


(4 x MPU f,) a 









Ref 
Grant 


Control 
Bus 






Refresh 
Enable 





Memory Contro} 
and Timing 
MC3480 


Row 
Enable 









Circuit 






Ref Clk 












Memory 
Array 


MCM4027 
(16K x 8) 
(MCM41 16) 
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4kx8 
(16K x 8) 


indicate 
16K x 1 RAMs 


MPU 
MC6800 











Data 
Bus 








Address 
Bus 





(AO — A13) 














Address 














Multiptex DE 
and Data 
Refresh Buffer 
Counter MC6880A 
MC3232A 


fi (MC3242A) 


00-05 
(O00 — O06) 


Al 


ROTTER 
4K x8 
(16K x 8) 










Address 
Bus 







Bus 





(AA) MOTOROLA 


GATE-CONTROLLED 
QUAD TTL TO MOS DRIVER FOUR-CHANNEL 

This high-speed driver is intended as a clock (high-level) MOS CLOCK DRIVERS 
driver for 22-pin and 18-pin dynamic NMOS RAMs and CCD SILICON MONOLITHIC 
memories. It is designed to operate on nominal +5 V and . INTEGRATED CIRCUIT 
+12 V power supplies. 

The channel control logic is organized so that all four 
drivers may be deactivated for STANDBY operation, or single 
driver may be activated for READ/WRITE operation or all 
four drivers may be activated for REFRESH operation. 


@ Control Logic Optimized for Use in MOS 
RAM Systems 


@ Output Voltages Compatible with Many Popular 


MOS RAMs L SUFFIX 
@ TTL and DTL Compatible Inputs — cela ed Nae 
High-Speed Switching 
@ Interchangeable with Intel 3245 7 
1 


P SUFFIX 
PLASTIC PACKAGE 
CASE 648 





PIN CONNECTIONS 
TYPICAL APPLICATION WITH 4K NMOS RAM IN TTL SYSTEM 


MC3459 MC3459 MC3459 
Address Address Address 
Oriver Oriver Driver 


Channel [3 | 114] Channel 

Select A Select D 
NMOS 
RAMS 

{| | ft 

MC3245 

Clock 
Oriver 
O © 


Refresh [5 


Select 
Channel 
Select B 


TRUTH TABLE 


MC3459 MC3459 MC3459 
Address Address Address 
Oriver Oriver Oriver 


Channel | Refresh 
Select Select 


' ' 

( ' 

1 ' 
H H 
Lt ' 

1 L 


MC3461 MC10125 


fe Sense | |MecurotT 


Amplifier Translator 
MC3245 
O} Chip Select 
O O O O 
O © © O 


Selects 


H = High Logic State 
L = Low Logic State 
\ = Irrelevant 
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MC3245 


MAXIMUM RATINGS (Ta, = 25°C unless otherwise noted.) 


Power Supply Voltages -0.5 to +7.0 
-0.5 to +14 


Input Voltage ; Vv -1.0 to Vpp 
Operating Ambient Temperature Range % 
Storage Temperature Range -65 to +150 

J 


Junction Temperature T 
Ceramic Package 
Plastic Package 





RECOMMENDED OPERATING CONDITIONS 






Power Supply Voltages Vec 4.75 
‘ Vppb 11.4 


Operating Ambient Temperature Range | Tm | Oo | 





ELECTRICAL CHARACTERISTICS (Unless otherwise noted, these specifications apply over recommended power supply and tempera- 
ture conditions. Typical values measured at Ta = 25°C.) : 


Symbol| _Min__| Te 


Output Voltage — High Logic State VOH Vop - 0.5 
(Vit = 0.8 V, lon = -1.0 mA) 

Output Clamp Voltage — High Logic State VOHC 
(loH = 5.0 mA, ViL = 0 V) 


Output Voltage — Low Logic State VOL 
(ViH = 2.0 V, lot = 5.0 mA) 
Output Clamp Voltage — Low Logic State VoLc 




















(Vin = 5.0 V, lot -5.0 mA) 


Input Voltage — High Logic State VIH 
Input Voltage — Low Logic State VIL 


Input Clamp Voltage Vik 
(IK = -5.0 mA) 

















Input Current — High Logic State 

(V) = 5.0 V) 

Channel Select Inputs 
Refresh Select and Enable Inputs 
Input Current — Low Logic State 

(Vi_ = 0.45 V) ‘ 

Channel Select Inputs 
Refresh Select and Enable Inputs 


Power Supply Current — Output High Logic State 
(Voc = 5.25 V, Vi_ = 0 V, Igy = 0 mA, Vop = 12.6 V) 
Power Supply Curtent — Output Low Logic State 
(Voc = 5.25, Vip = 5.0 V, lo, = 0 mA, Vpp = 12.6 V) 






















IDDL 


g = 
r r 
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MC3245 


SWITCHING CHARACTERISTICS (Untess otherwise noted, these specifications apply over recommended power supply and tempera- 
ture conditions. Typical values measured at +25°C.}) 


Delay Time 
Output High to Low Level (Rg =0 2) tOHL 
tOLH 
tTHL 17 
tTLH 17 















Output Low to High Level (Rg = 0 2) 
Transition Time 
Output High to Low Level (Rg = 20 2) 
Output Low to High Level (Rg = 20 2) 
Propagation Delay Time 
Output High to Low Level (Rs = 0 2) 
Output Low to High Level (Rg = 0 2) 
(Rg = 20 9) 





















(1) CL = 150 pF 
(2) CL = 200 pF 
(3) CL = 250 pF 


CAPACITANCE®* (Unless otherwise apeelfied: Ta = +25°C, f = 1.0 MHz, Vj = 2.0 V, and Vcc = 0 V.) 






input Capacitance 
Refresh or Enable Inputs 


*Periodically sampled, but not 100% tested. 


FIGURE 1 — SWITCHING TEST WAVEFORMS 


tTHL = 5.0 ns —a| trLH = 5.0 ns 


3.0 V 
Input 
Ov 
"or Vpp1 -2.0 V 
Output tPLH tPHL 
VoL 


Input Pulse Characteristics 
PRR = 1 MHz 1 


PW = 500 ns 


FIGURE 2 — SWITCHING TEST CIRCUIT 


To Scope To Scope 
(Input) (Output) 


Enable 1 
© 


Enable 2 
O 


Pulse Generator 


— mr Channel Select 


Cy Includes Jig and 
Probe Capacitance 
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(AA) MOTOROLA 


Specifications and Applications 
Information 


QUAD NMOS MEMORY ADDRESS DRIVER 


The MC3459 is designed for high-speed driving of the highly 
capacitive Address select inputs for NMOS Memories. It is also useful 
in numerous applications requiring a high-current MTTL NAND 
gate. It is pin-compatible with the popular MC7400 Quad NAND gate. 


@ Fast Propagation Delay Time — 
20 ns Typical with 360 pF Load 
@ Output Voltages Compatible with NMOS Memories 
@ Inputs Compatible in MTTL and MDTL Logic Families 
@ Output Loading Factor — 50 


REPRESENTATIVE CIRCUIT SCHEMATIC 
(1/4 of Circuit Shown) 


OUTPUT 


INPUTS 
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MiC3459 


QUAD NMOS ADDRESS 
LINE DRIVER 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


L SUFFIX 
CERAMIC PACKAGE 
CASE 632 
TO-116 


Output 
A 


Input 
1B 


Input 
2B 


Output 


P SUFFIX 
PLASTIC PACKAGE 
CASE 646 


TYPICAL OPERATION 


Veo =50V 50 Cc = 360 pF 
Ta = 25°C ns/div Rg =02 





MC3459 


MAXIMUM RATINGS (Tp = 25°C unless otherwise noted.) 


Power Dissipation (Package Limitation 
Ceramic Package @ Ta = 25°C 
Derate above Ta = 25°C 
Plastic Package @ Ta = 25°C 
Derate above T, = 25°C 


Ceramic Package @ Tc = 25°C 


Derate above Tc = 25°C 
Plastic Package @ Tc = 25°C 
Derate above Tc = 25°C 





Junction Temperature 
Ceramic Package 
Plastic Package 





ELECTRICAL CHARACTERISTICS Dales otherwise noted, 4.75 V < Vcc < 5 25 V and0< Ta < 70°C) 


—_________charsetenatie | Symbol] win] 
Input Voltage — High Logic State 
Input Voltage — Low Logic State 


Input Current — High Logic State 
(Voc = 5.25 V, Vip = 2.4 V) 
(Vec = 5.25 V, Vip = 55V) 

Input Current — Low Logic State 
(Voc = 5.25V, Vit = 04 V) 


Input Clamp Voltage 
(tice =-12 mA) , 
Output Voltage — High Logic State 


(Voc = 4.75 V, Vit = 0.8 V, IQH = -640 HA) 
(Voc = 4.75V, Vi_ = 0.8 V, [oy = -2.0 mA) 


Output Voltage — Low Logic State 
(Voc = 4.75 V, Vip = 2.0 V, lot = 640 uA) 
(Vcc = 4.75 V, Vip = 20 V,IoL = 80 mA) 

Power Supply Current — Outputs High Logic State 
(Vec = 5.25 V, Vit = OV) 

Power Supply Current — Outputs Low Logic State 
(Voc = 5.25V, Vip = 50V) 


Synbl 
Propagation Delay Time — High to Low Logic State 
Propagation Delay Time — Low to High Logic State 


(1) Typical values measured at Ta = 25°C, Vcc = 5.0 V. 
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MC3459 


Pe, POWER CONSUMPTION (mW) 
{TOTAL OF FOUR DRIVERS) 





Vou, QUTPUT VOLTAGE — HIGH LOTIC STATE (VOLTS) 


FIGURE 1 — TEST CIRCUIT AND WAVEFORMS FOR PROPAGATION DELAY TIMES 





— — tTLH <5.0ns 


_— — tTHL < 5.0 ns 


f= 1.0 MHz 
PW = 500 ns 


Pulse 
Generator 


To Scope 


To Scope 
(Input) 


(Output) 









1/4-MC3459 





All four drivers 
tested simultaneously 





360 pF 
(inctudes probe and 
Jig Capacitance) 


TYPICAL PREFORMANCE CURVES 


FIGURE 2 — POWER CONSUMPTION versus 
OPERATING FREQUENCY 


Vec=50V 
CYCLE = 50% 











f, FREQUENCY (MHz) 


FIGURE 4 — OUTPUT VOLTAGE — HIGH LOGIC STATE 
versus OUTPUT CURRENT 
(Expanded Scale) 

















!oH, OUTPUT CURRENT — HIGH LOGIC STATE (mA) 





Von, OUTPUT VOLTAGE - HIGH LOGIC STATE (VOLTS) 


VoL. OUTPUT VOLTAGE — LOW LOGIC STATE (mV) 


4-26 





FIGURE 3 — OUTPUT VOLTAGE — HIGH LOGIC STATE 
versus OUTPUT CURRENT 


80 


|_| | 


NR 





100 150 200 250 300 350 400 
10H, OUTPUT CURRENT — HIGH LOGIC STATE (mA) 


FIGURE 5 — OUTPUT VOLTAGE — LOW LOGIC STATE 
versus OUTPUT CUR RENT 


Vcc=475V 
Ta = 25°C 


BERS RES 
PERSe ER 
PERSE SE 


0 10 20 30 40 50 60 70 80 
Io_, OUTPUT CURRENT — LOW LOGIC STATE (mA) 


MC3459 


APPLICATIONS SUGGESTIONS 


A majority of the new N-Channel MOS memories have 
TTL logic compatible inputs that exhibit extremely low 
input current and capacitance (typically 5 pF to 10 pF). 
However, in a typical memory system (Figure 6) where 
some of the inputs such as Address lines have to be 
common, the total! parallel input capacitance can be over 
300 pF. Standard TTL logic gates have insufficient current 
drive capability to rapidly switch a high capacitive load; a 
high speed buffer, such as the MC3459, is required. 

Aconsiderable amount of noise can be generated during 
switching due to the high speed and high current drive 
capability of the MC3459. The high capacitive discharge 
current during the high to low transition, plus current 
spikes can result in a considerable amount of noise being 
generated on the ground lead. Current spikes are due to 
both the upper and lower output drive transistors being 
on for a short period of time during switching. This causes 
a very low impedance path between Vcc and ground. 

In order to minimize the effects of these currents, the 
following layout rules should be followed: 

1. The Vcc supply pin of each package should be by- 

passed with a low inductance 0.01 uF capacitor. The 
0.01 uF capacitor will sustain the high surge currents 
required during switching. 

2. There is a large amount of current out of the ground 

node during switching — the noise seen at this node 


will be proportional to the ground impedance. The 
impedance of the ground bus can be reduced by in- 
creasing its width. At least a 50 mil ground width is 
recommended. 

Some of the NMOS memories with TTL logic com- 
patible inputs do not actually meet the TTL logic level 
requirements in the input high state voltage (Vj}). There 
are N-Channel MOS memories with a VjH minimum 
ranging from 2.4 V to 4.0 V. The MC3459 can directly 
interface with those N-Channel memories having a Vij} 
minimum of 3.0 V. The higher driver output levels can be 
accomplished by adding a pull-up resistor to Vcc or by 
increasing the Vcc voltage.’ There are some N-Channel 
MOS memories, such as the MCM7001, that have a supply 
requirement of 7.5 V. The high maximum supply voltage 
rating of the MC3459 can accommodate a 7.5 V Vcc 
supply without affecting its input TTL logic compatibility. 
Figure 4 gives the typical Voy versus IQ} characteristics 
for both Vcc = 5.0 V and Vcc = 7.5 V. An expanded 
output characteristic curve of Figure 4 is illustrated in 
Figure 5. 

The MC3459 can be used in a variety of applications 
including, high fan-out buffer (drives 50 standard TTL 
loads) and low impedance transmission line driver. 


FIGURE 6— TYPICAL APPLICATION 
16K X N Memory System Employing 
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(AA) MOTOROLA 


HIGH-SPEED NMOS/MECL SENSE AMPLIFIER 


The MC3461 is a dual current sense amplifier with MECL 10,000 
compatible control inputs and open emitter complementary outputs. 
The device is designed for use with Motorola MCM7001 or Intel 
2105 NMOS 1K RAMs. A common latch input retains information 
in the amplifier at the time of latch closure. Separate channel out- 
put enables are provided to force the outputs to predetermined 
states until amplifier information exchange is desired. 

When the latch input goes to a logic ‘’0’’ the outputs are locked 
in their present state unless the ‘output enable is at, goes to, logic 
“1 In this event, the Output 1 and Output 2 remain at, or go to, 
logic 0” and logic ‘’1"’ respectively. 


@® Complete NMOS Sense Amplifier — No External Components 
Required 
@ Minimum Propagation Delay — 
Amplifier Response - 5.0 ns Typ 
Enable Response - 2.5 ns Typ 
Latch Response - 1.0 ns Typ 
@ Power Supplies Compatible With MCM7001/MECL10,000 Systems 
@ Amplifier Input Termination Voltage Range from Gnd to VREF 
Supply on MCM7001 


APPLICATION WITH MCM7001 MEMORY 


Output 
mMcMm7001 Enable 
or equiv. 


Data 


Data 


Output 
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DUAL NMOS MEMORY 
SENSE AMPLIFIER 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


me 


CERAMIC PACKAGE 
CASE 620 


PIN CONNECTIONS 


Output Reference 
Gnd, Gnd. 


Output utput 
1A 2B 


Output Output 
2A 1B 


Outputs A utputs B 
Enable Enable 


TRUTH TABLE 
for latch input at logic 1 


1(1) > -200 pA 
1(2) = OPA 


(1) =O PA 
(2) > 200 HA 


Negative Currents Defined as Flowing into 
Device Pin. 





oa'¥ 


MAXIMUM RATINGS (Unless otherwise noted, Tq = 25°C) 


Rating Symbol Value Unit 
Power Supply Voltages Vcc 8.5 Vv 
VEE 6.0 Vv 
Termination Voltage VT Oto Vcc - 
Operating Ambient Temperature Range Ta Oto 75 % 
Package Power Dissipation 
Still Air ; Pp 1000 mw 
Derate above 25°C 6.7 mW/°C 
Transverse Air flow 2 500 linear fom 2000 mw 
ELECTR ICAL CHARACTERISTICS Derate above 25°C 13.3 mWw/°C 


This device has been designed to meet the 
dc specifications shown in the test table, 
after thermal equilibrium has been esta- 
blished. The circuit is in a test socket or 
mounted on a printed circuit board and 
transverse air flow greater than 500 linear 
fpm is maintained. Outputs are termin- 
ated through a 50-ohm resistor to -2.0 






TEST VOLTAGE/CURRENT VALUES 
(Volts) 










volts. Test procedures are shown for only Es 2 : sie] is ick eet | ike 
H H mperatur: tHmax  Vitmin| VikAma max 
one sense amplifier. The other half is 
‘. 0, EF = ei 
tested in the same manner. oc | 200uA] -0 850 | -1870[ -1155 |-1485 | x 
see [asounl 0810 | tom | 105 [vars f78 
7s%c [200A] -0 720 [-re20] -roas [-raes [v7 5] 













Pin MC3461 Test Limits 
Unde re | ate |e PEST SET BE ECO BAENDAEDIEE To BINS Dis ee eeLen 
naer 
Symbol_| Test FS Vec_| Vee 


Power Supply Drain Current loc 59 mAdc 612 9, 10 
leg -73 mAde | 6,12 9, 10 
tnput Current 500 uAdc 9, 10 
r= nAdc 
wAdc 
wAdc 
Logic "1" Output Voltage -0 850 | -0 960 Lieaue -0810 | -0 } -0 i 
; igh 


9, 10 
" res i TER ii hee | 


9,10 
9,10 


5 
~ 


Peep a Ee 


© 
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f=) 
- 
a 
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_—. 
°o 
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pwede 


— 
en 


@ 
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—a— 







Logic “’O’’ Output Voltage 


a 

<< o |< 
D 
co) 


a . 


Logic ‘1°’ Threshold Voltage 






2 
—— 
° 
- 
—_ 
ro.) 







Switching Times (50-ohm load) 
Propagation Delay 


£ 
°o 
ae 
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-_. 


Amplifier 
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pe eee 


Oo 
-~ 
~ 
on 


Enable 
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“Negative currents are defined as currents leaving the device 


LOVEDIN 


MC3461 


FIGURE 1 — SWITCHING RESPONSE TEST CIRCUIT AND WAVEFORMS @ 25°C 
(Other Section Tested Similarly) 


Enable tnput O 


\_O-7 Te. 
Enable tnput ad 
aoe ee meat ! 
Sori | 
50 ’ O 
. S} | soopa Sor 121 
Veco 
Amplifier Input O Ga ¢ 
Amplifier Input C+ 
Test Point : U 
50 


Each Transistor 
MMT3960A 


0.1 BF 
al 


Vec = +7.5 Vde 


0.1 wr 
10 9 = 
pom] (aa O Output 2A 
| 
| 3or 15 50 
eae a 0 0.2.0 Vde 
c= ee, 25 uF 0.4 ue 
{2 or 14 T T 
OO Sie 
= O Output 1A 


Unused outputs connected 
thru a 50-ohm resistor to 
-2.0 Vde 


Vee = -5 2 Vde 


*Denotes equal lengths of 50-ohm coaxial cable. Wire length should be < 1/4” from test point to pin or BNC connector. 


Amplifier Response Waveforms 






- 40, 
Amplifier Input 2 he oneal 
Test Point 0.5 V 
ty & te = 2.0ns + O.2 ns 
Measured 20% to 80% 
VoH 
Output 1A 
VoL 
Vou 
Output 2A 


Enable input held at -1.69 Vdc 
for Amplifier Response Tests. 
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Enable Response Waveforms 









-089 Vv 


Enable Input 50% 50% 


Test Point -1.69 V 
tr & te = 2.0ns t O.2 ns 
Measured 20% to 80% 
Output 2A 
Output 1A 


Amplifier input held at +0.5 Vdc 
for Enable Response Tests. 


MC3461 


FIGURE 2 — 32K x 2 MEMORY BOARD (MECL SYSTEM) 


Data Valid 
1/2 MC10171 






1/2MC10171 





Address A10 
Address A11 
Write Enable 









MCM7001, 
32 places 





1/2 MC75368 
































16 places 
Oata 
Output 
Bay Enable 
Chip Select 
Address A12 
Address A13 
Address A14 
if 
— 
~~ 
Dlout 
' C7 
MCM7001, 
32 places 


HHH HHH HS 
on br 4 1/2 MC3461 


\ ™™ 8 places 
Latch Enable 
Connect to all MCM7001’s Connect to eonnectic 
a_i Array (32K x 1) Bottom Array (32K x 1) 
1/3 MC10177, Data Inputs 
12 Places 
AO Al A2 A3 A& AS AB AT AB AD D0,n Dlin 
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VviC3461 




















MC10161 
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FIGURE 3 
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a tl 
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eal 
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aaa 
cai 
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— 4K x 18 MEMORY BOARD (MECL SYSTEM) 











(i 


PTT ea] 


Sail 


VANS 











Connect D10 
to one 01 


MCM7001's 
each line 


Address, Data and Write Enable Drivers 
(Use 1/3MC10177, 30 places) 
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014 


015 





016 









D017 








KAA AA AY 


WE 1 (to top 36 devices) 


MCM7001, 72 Places 


1/2 MC3461, 18 Places 


WE2 (to Bottom 36 devices) 


MC3461 


REPRESENTATIVE CIRCUIT SCHEMATIC 
Simplified MC3461 
Amplifier Input (1/2 Shown) 


Vv 
Termination me . OVYCC 
R1 R 
200 200 R6 R7 L ao 
‘ R11 R12 Output 
Q18 
y 04 


06 
O O 1) 
— () 
D2 d bs 
Inputs B > ° 
i — 
Outputs 
| ‘ = 
hy 


= 


a 






Q17 O Output 
Enable 
Internal 
Latch 0 Veo 
ds Reference b8 
R5 
50k 
R14 
one O) a 


VEEO 
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(A) MOTOROLA MC3467 


TRIPLE MAGNETIC TAPE 
MEMORY PREAMPLIFIER 


TRIPLE WIDEBAND PREAMPLIFIER 
WITH ELECTRONIC GAIN CONTROL (EGC) 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


The MC3467 provides three independent preamplifiers with in- 
dividual electronic gain control in a single 18-pin package. Each pre- 
amplifier has differential inputs and outputs allowing operation in 
completely balanced systems. The device is optimized for use in 9- 
track magnetic tape memory systems where low noise and low dis- P SUFFIX L SUFFIX 
tortion are paramount objectives. PLASTIC PACKAGE CERAMIC PACKAGE 
The electronic gain control allows each amplifier’s gain to be set CASE 701 CASE 726 
anywhere from essentially zero to a maximum of approximately 
100 V/V. 
The MC3467 is intended to mate with the MC3468 read amplifier 
to provide the entire magnetic tape read function. 


@ Wide Bandwidth — 15 MHz (Typ) 
@ Individual Electronic Gain Control 
@ Differential Input/Output 


TYPICAL APPLICATION 
HIGH PERFORMANCE 9-TRACK OPEN REEL 
TAPE SYSTEM 


Vi(EGC) 


Active 
Differentiator 


MC3468 
1/3 MC3467 NRZI 
R 
Preamplifier ae Filters = a 


fae ieee 


Ls! 
Formatter 
See MC3468 Data Sheet For MC8500 
Systems Applications Information MC8501 
MC8502 
MC8520 
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MC3467 


MAXIMUM RATINGS (Ta = 25°C unless otherwise noted ) 


Power Supply Voltages 
Positive Supply Voltage 
Negative Supply Voltage 


VI(EGC) —5.0 to Vcc 
Vib 


fee i = Oe oe | 





ELECTRICAL CHARACTERISTICS (Vcc =5.0 V, Veg = —6.0 V, f = 100 kHz, Ta = 0 to +70°C unless otherwise noted.) 







Power Supply Voltage Range 
Positive Supply Voltage 
Negative Supply Voltage 
Operating EGC Voltage 







Differential Voltage Gain (Balanced) 
(Vi{EGC) = 0, ej = 25 MVp-p) (See Figure 1) 


Differential Voltage Gain 
ioe 
(Balanced) (Ta = 25°C) 
+ 


= 
re] 
x 


ao 
oO 
fo) 


Output Voltage Swing (Balanced) (Figure 1) VoR 
(e; = 200 mVp-p) 


Input Common-Mode Range VICR 


Differential Output Offset Voltage Voop 
(Ta = 25°C) 

Common-Mode Output Offset Voltage Vooc 
(Ta = 25°C) 


Common Mode Rejection Ratio (Figure 2) CMRR 
Vi(EGc) = 9, Vem = 10 Vpp 
(f = 100 kHz) 
(f = 1.0 MHz) 


Small-Signal Bandwidth (Figure 1) 
(—3 0 dB, e, = 1.0 mVp-p, Ta = 25°C) 


Input Bias Current 
Output Sink Current (Figure 5) 


Differenttal Noise Voltage Referred to Input (Figure 3) 
(Vi(EGC) = 0, Rg = 50 2, BW = 10 Hz to 10 MHz, Ta = 25°C) 


Positive Power Supply Current (Figure 4) 








1.5 
60 
40 










Negative Power Supply Current (Figure 4) 
Input Resistance (Ta = 25°C) 
Input Capacitance (Ta = 25°C) 


Output Resistance (Unbalanced) 
(Ta = 25°C) 


12 


oe 

100 

100 ot 
P| 
Lew 
a ae 
ae 
ae 
esa 
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MC3467 


FIGURE 1 — DIFFERENTIAL VOLTAGE GAIN, 
BANDWIDTH AND OUTPUT VOLTAGE SWING 
TEST CIRCUIT 
(Channel A under test, other channels tested similarly) 


sOV 


1 
O 
Epa 
Ep 
Eoal 
Ps | mc3a67 
ca 
ca 
2 










= -60V 


FIGURE 3 — DIFFERENTIAL NOISE VOLTAGE 
REFERRED TO THE INPUT 


50V 


Krohn- 
Hite 
3202 
Filter 


MC3467 






Filter With 
= , BW = 10MHz 
Assume Uncorretated Noise Sources ~6O0Vv 
ep, (Differential! Noise at Input) = eg /2/100 


FIGURE 5 — OUTPUT SINK CURRENT TEST CIRCUIT 
(Channel A under test, other channels tested similarly) 
+50V +20V 


MC3467 


-60V 
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f = 100 kHz 


FIGURE 2 — COMMON-MODE REJECTION RATIO 
(Channel A under test, other amplifiers tested similarly) 


5.0 V 


Vop 


v 
CMRR = 20 log —-22 
Av V| 





MC3467 


Vop 
= 20 log ——— 
300 Vv; 


1 
O 
Ea 
Ena 
cae 
oe 
ie 
oa 
oa 


-60V 


FIGURE 4 — POWER SUPPLY CURRENT TEST CIRCUIT 
Vec 





FIGURE 6 — TOTAL HARMONIC DISTORTION 
TEST CIRCUIT 
(Channel A under test, other channels tested similarly) 


50 Vv 












hp 334A 
Distortion 
Analyzer 


MC3467 


-60V 


MC3467 


THD, TOTAL HARMONIC DISTORTION (%) 


Ay (norm), VOLTAGE GAIN NORMALIZED (dB) 


leg, NEGATIVE POWER SUPPLY CURRENT 
(NORMALIZED) 








TYPICAL CHARACTERISTICS 
(Vcc = 5.0 V, Veg = -6.0 V, Ta = 25° unless otherwise noted) 


FIGURE 7 — TOTAL HARMONIC DISTORTION (THD) 
versus INPUT VOLTAGE 


VI(EGC) = 1.8V 
f) = 100 kHz 


V1, INPUT VOLTAGE (mVp-p) 


FIGURE 9 — NORMALIZED VOLTAGE GAIN 
versus AMBIENT TEMPERATURE 


VEE=-60V 
Vi = 10 mV RMS 
f) = 100 kHz 


Q 10 20 30 40 50 60 70 80 
Ta, AMBIENT TEMPERATURE (°C) 


FIGURE 11 — NORMALIZED NEGATIVE POWER SUPPLY 
CURRENT versus NEGATIVE POWER SUPPLY VOLTAGE 








TEST CIRCUIT = FIGURE 4 





-65 -70 
Vee, NEGATIVE POWER SUPPLY VOLTAGE (Vdc) 


75 





FIGURE 8 — NORMALIZED VOLTAGE GAIN 
versus FREQUENCY 


Tt To 
Cn CST 
PC TT 


. 






o 


| 
~ 
So 


-15 


Ay (norm), VOLTAGE GAIN NORMALIZED (dB) 


f, FREQUENCY (MHz) 


FIGURE 10 — NORMALIZED POSITIVE POWER SUPPLY 
CURRENT versus POSITIVE POWER SUPPLY VOLTAGE 


Ic¢c, POSITIVE POWER SUPPLY CURRENT 
(NORMALIZED) 








485 49 495 50 505 51 515 52 
Vcc, POSITIVE POWER SUPPLY VOLTAGE (Vdc) 


5 25 


FIGURE 12 — NORMALIZED POWER SUPPLY CURRENTS 
versus AMBIENT TEMPERATURE 


VeE=-60V 
lec (T) 


(NORMALIZED) 


ma _ lee) 
Ice (25°C) ieg (25°C) 
1 1 
SEE FIGURE 4 
FOR TEST CIRCUIT 





n 


icc/leg, POWER SUPPLY CURRENTS 





Ta, AMBIENT TEMPERATURE (°C) 
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MC3467 


Avo. TYPICAL DIFFERENTIAL VOLTAGE 


6, PHASE SHIFT (DEGREES) 


FIGURE 13 — DIFFERENTIAL VOLTAGE GAIN versus 
ELECTRONIC GAIN CONTROL VOLTAGE (V4(EGC)) 


GAIN (V/V) 








Vi(EGC), ELECTRONIC GAIN CONTROL VOLTAGE (VOLTS) . 


FIGURE 15 — PHASE SHIFT versus FREQUENCY 








































FIGURE 14 — COMMON-MODE REJECTION RATIO 
(CMRR) versus FREQUENCY 


—-100 







—-80 


Veco *50V CMAR = 20 log —2— 
VEE=-60V °9 AV VICM 
Ta = 25°C 

Vicm=1 OVp-p 











Av = 100 V/V = 40 cB 
TEST CIRCUIT = FIGURE 2 


-40 


CMRR, COMMON MODE REJECTION RATIO (dB) 


01 


, 


f, FREQUENCY aa 


FIGURE 16 — TYPICAL EGC INPUT CURRENT versus 
EGC INPUT VOLTAGE 
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(MA) MOTOROLA MC3468 





Specifications and Applications 
Information 


MAGNETIC TAPE 
MEMORY READ AMPLIFIER 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


LSI MAGNETIC MEMORY READ SUBSYSTEM 


L SUFFIX 
CERAMIC PACKAGE 

CASE 726 
The MC3468 READ Subsystem when used with the MC3467 
triple preamplifier provides the interface between magnetic tape 
heads and digital logic. This system is well suited for open-reel and 
cartridge magnetic tape systems. The MC3468 performs peak detec- 
tion, and threshold detection functions as required for NRZI, Phase- 
Encoded or Group-Encoded recording formats. The device consists 
of: 1) Input Multiplex function, 2) Gain Stage with Electronic Gain 
Control (EGC), 3) Active Differentiation Amplifier, 4) Zero Crossing 
Detector (ZCD), 5) Threshold Detector Amplifier with Multiplexed 

Inputs and 6) Threshold Detector. 


P SUFFIX 
PLASTIC PACKAGE 
CASE 701-01 


Channel Setect 
(Aor BE} 
Threshoid Amp- 
ltfier Input A 
. 2 F Threshold Amplifier ee, Threshold 
Complete READ Function in One LSI Device Inverting Input Tice pS evel tnnak 
Threshold o 


Two Pair of Differential Inputs Allow Logically Controlled Selec- Amplifier:inpur is 
tion of Input Filter or Tape Head Configuration 


Oifferentiation 
Low Recovered Error Rate + | Components 


Input/Outputs are Low Power Schottky TTL Compatible p15" Scone. 





MC3468 TYPICAL APPLICATION AND WAVEFORMS 


Channel A Input 
0.5 Vp-p, 160 kHz 


Zero Crossing 
Channel] A Detector Output 
Tape Head Input 
ZCD 


MC3468 


Pin 11, 1.6 Vp-p 


TD 
Preamplifier 
Threshold Detector 


Output 


TD Output, Pin 17/am 
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MC3468 


MAXIMUM RATINGS (Ta, = 25°C unless otherwise noted) MAXIMUM RATINGS (continued) 










Power Supply Voltages 
Positive Supply Voltage 
Negative Supply Voltage 







Pin Voltages 
EGC Voltage (Pin 5) Vi(EGC) —5.0 to +7.0 
Threshold Voltage ‘ Vit) +1.0 to —3.5 
(Pin 16) 
ZCD Output (Pin 15) Vo(zcp) +7.0 
Channel Select A/8 Vics) +7.0 to —2.0 
Input (Pin 1) 
Threshold Output TD Vo(Tb) 
(Pin 17) 
Differential Input Voltage 
Threshold Amplifier 
Gain Amplifier 








Common Mode Input 
Voltage 
Threshold Amplifier Vic(T) +50 Vv 
Vic +50 Vv 
Circuit Duration a 
(Ground Pin 11) 
Operating Ambient 0 to +70 
Temperature Range 
= | 8c 


Gain Amplifier 
Storage Temperature Range Tstg —65 to +150 





Amplifier Output Short 








ELECTRICAL CHARACTERISTICS (Vcc = 5.0 V, Veg = ~6.0 V, Ta = 0 to +70°C unless otherwise noted) 


Characteristic Symbol | min | tye | Max | unit _| 


Power Supply Voltage Range @ Ta = 25°C 
Positive Supply Voltage 
Negative Supply Voltage 


Positive Supply Current (Vcc = +5.25 V) | 713 | lec [| = | 

Negative Supply Current (Vee =-7.0 VI ee 
BA 
[ Ghannel Select Input Voltage — High Losie Swe | __——_—+| ‘Vinics)_ | 20 | | 


Channel Select Input Current — Low Logic State NLICS) 
(Vit(cs) = 9. Vcc = 5.25 V) 

Channel Select Input Current — High Logic State NH(CS) 
(Vin(cs) = Vcc = 5.25 V) 


GAIN AMPLIFIER SECTION 
Voltage Gain (Unbalanced @ Max Gain) 
(e, = 100 MVp-p, f = 1.0 kHz 
Voltage Gain (Unbalanced @ Min Gain) 
(Vi(EGC) = VCC. & = 800 MVp.p) 
Operating EGC Current (VeGc = 0 to +5.25 V) 
Maximum Differential Input Voltage 
(Ta = 25°C) 
Common Mode Rejection Ratio 
(Vi(EGC) = 9, Vom = 1.0 Vpp, f = 100 kHz, 
Ta = 25°C) 
Bandwidth 
(—3.0 dB, Ta = 25°C) 
Input Resistance 
Channel Isolation 
{f = 100 kHz, ej = 800 MVp-p) 


Input Bias Current 





TOTAL DEVICE 






















Input Common Mode Voltage Range 
Output Resistance (Pin 11) 

(Ta = 25°C) 
Output Sink Current (Pin 11) 
Output Voltage Swing (Pin 11) 

(f = 1.0 kHz, e, = 800 mMVp.p) 


Output Offset Voitage 
(Ta = 25°C) 
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ELECTRICAL CHARACTERISTICS (Vcc =5.0V, Veg = —6.0 V, Ta = 0 to +70°C unless otherwise noted) (Continued) 


[cen rome [orn | tm | mm | om 


ACTIVE DIFFERENTIATOR SECTION 
Timing Distortion 
(1 = 1.0 mA, A = 1.5 Vpp, f = 100 kHz, Ta = 25°C) 
Zero Cross Detector — High Level Output Current 
(Von =5.5V) 


Zero Cross Detector — Low Level Output 


(lot = 8.0 mA) 


Differentiator Output Sink Current 
(Pins 12 and 13) 


Differentiator Output Resistance (Unbalanced) 
(Ta = 25°C) 
THRESHOLD AMPLIFIER SECTION 


Differential Voltage Gain (e, = 200 mV) 

Maximum Differential Input Voltage Without 
Distortion (Tq = 25°C) 

Maximum Differential Input Voltage Before 
Timing Shift (Tq = 25°C) 

Maximum Threshold Voltage (Linear Operation) 

Threshold Voltage Required to Disable Threshold 
Comparators (V7pH > 2.7 V, Ta = 25°C) 

Bandwidth 
(—3 0 dB, Ta = 25°C) 

Input Resistance 

Threshold Amplifier Bias Current 

Channel Isolation Ratio 
(f = 100 kHz) 

Threshold Detector Output Voltage — Low Logic State 
(lo, = 8.0 mA, Pin 17) 

Threshold Detector Output Current — High Logic State 
(VoH = 5.5 V, Pin 17) 


Threshold Voltage Input Current 
(Pin 16) 






'OH(ZCD) 
VOLizcbD) 














DESCRIPTION OF FUNCTION 


Input Multiplex — Input multiplexing allows logic- 
controlled (TTL compatible) selection of either of a pair 
of differential gain stages. Two separate tracks or one 
track processed through different filter networks for dif- 
ferent recording formats can be selected (e.g., Phase En- 


coded/NRZI, Group-Coded/PE). 


Gain Stage — The gain stage is controlled by Electronic 
Gain Control (EGC) and differential outputs are pro- 
vided for the active differentiator and a single output is 
available for the threshold function. The EGC range is 


from essentially zero to 7.5 (unbalanced). 


Active Differentiation — Active differentiation requires 
minimum external passive component count. The pro- 
cedure for selecting component values insures linear 
Operation and optimum zero-crossing detector per- 


formance for excellent noise rejection. 


Zero Crossing Detector (ZCD) — The zero-crossing de- 
tector generates an output transition corresponding to 
the peak of the incoming signal to the MC3468. Careful 
attention has been paid to avoid timing distortion be- 


Threshold Amplifier and Detector — The gain stage out- 
put is ac coupled or differentiated into the Threshold 
Amplifier multiplexer. This allows logic-controlled (TTL 
compatible) selection of either of a pair of single-ended 
to differential gain stages. Thus, the possibility of select- 
ing between a differentiated or straight capacitive 
coupled signal for thresholding. The select line is the 
same as for the Gain Stage multiplexing. The unbalanced 
gain of the threshold amplifier is 5. An inverting input is 
available for balancing the input signal to minimize the 
effects of offset current. The differential outputs of the 
threshold amplifier are compared to an external thresh- 
old in the threshold comparators. An output signal is 
provided whenever the signal exceeds the threshold 
setting in the positive or negative direction. The output 
is open collector Schottky TTL. 

The versatility of the MC3468 facilitates the design 
of dual mode (NRZI/PE, Group/PE) tape drives with the 
ability of dynamically switch gain, active differentiator 
components, and thresholds for different recording 
speeds or interchanged tapes. 


tween the outputs of the active differentiator and the 


inputs of the zero crossing comparator. The output is 


open collector Schottky TTL. 


Note: For proper operation a dc path must be provided 
for all inputs of all amplifiers. 
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MC3468 BLOCK SCHEMATIC 


O15 
Zco 
Output 


ViiGGc) 50 
Vcc 


ae 9 11 Gain State 
Output 
60 Sane 
Inputs A ww, ww ww, 
O O 
{ O O 13 | Differentiation 
Components 


Inputs B 
O O 12 
Vee ee 
Vec 


C2 
co Channel 


oon 





O17 


Select i 
Channel 716 = 
Select = TO 
Output 
Logic 1 = 
Channel A 
Logic 0 = os 
Channel B 
S 
Threshold 
Amplifier 20 i 
Input A 
Inverting — — 
Input 3 9 ' ; ~ . 
016 


Threshold 4 O 
Amplifier Threshold 
Input B Level 
) 1 Input 


NMC3468 


FIGURE 1 — VOLTAGE GAIN, 
BANDWIDTH AND OUTPUT 
VOLTAGE SWING 
(A Input Shown) 


5.0V 








fo) 
Min © v a Gas: 
1 
Max MC3468 
InputA 
Amp Out 
e, Input B O&o 


FIGURE 3 ~ COMMON MODE 
REJECTION RATIO (CMRR) 


FIGURE 2 — CHANNEL ISOLATION 
RATIO 


(B Inputs Shown) 


20Vv 50V 








Input B 
MC3468 


£0 
CIR = 20 log = 20 log 


= Ay e; e, 


FIGURE 4 — INPUT BIAS CURRENT 
TEST CIRCUIT 





O 8&8 


Threshold 
Amp 








FIGURE 5 — AMPLIFIER OUTPUT 
AND DIFFERENTIATOR OUTPUT 
SINK CURRENT TEST CIRCUIT 


+5.0V 


MC3468 
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525 Vv 


FIGURE 6 — CHANNEL SELECT 
INPUT CURRENT TEST CIRCUIT 


MC3468 






MC3468 


FIGURE 7 — POSITIVE AND FIGURE 8 — ZERO CROSS DETECTOR FIGURE 9 — ZERO CROSSING 
NEGATIVE SUPPLY CURRENT OUTPUT CURRENT HIGH LOGIC DETECTOR OUTPUT VOLTAGE 
TEST CIRCUIT STATE TEST CIRCUIT LOW LOGIC STATE TEST CIRCUIT 


MC3468 


MC3468 





VEE 
FIGURE 10 — THRESHOLD DETEC- FIGURE 11 — THRESHOLD DETEC- 
TOR OUTPUT VOLTAGE — LOW TOR OUTPUT CURRENT ~ HIGH 
LOGIC STATE TEST CIRCUIT LOGIC STATE TEST CIRCUIT 


+5.0 V 50V 55 Vv 









MC 3468 












tl — t2 
Timing Distortion (tD) = ————— X 100% 
t1+ t2 0 
50V 
2&0 
15V £0 
ov 


(15 Vpp) 


Note: Adjust e, for 1.5 V p-p at Pin 11. 


— _ 10mA 
(15 Vpp) 27 100 kHz 


- 1000 pF 


1 


-——_ 1 F*g0. 2 = 1200 
R = Da (1 MHz) 1000 pF me 
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TYPICAL PERFORMANCE CURVES 





FIGURE 13 — NEGATIVE POWER SUPPLY FIGURE 14 — NORMALIZED VOLTAGE GAIN 
CURRENT versus NEGATIVE POWER SUPPLY versus EGC INPUT VOLTAGE 
VOLTAGE 
100. 
NI 
Ne ee ee 
VeE=-60V 
80 Ta = 25°C 


















Ay, NORMALIZED VOLTAGE GAIN (%) 





leg, NEGATIVE POWER SUPPLY CURRENT (mA) 
2 


10 16 20 2.5 30 3.5 4.0 
ViMEGC), ELECTRONIC GAIN CONTROL VOLTAGE (VOLTS) 





FIGURE 15 — ELECTRONIC GAIN CONTROL FIGURE 16 — CHANNEL ISOLATION RATIO 
INPUT CURRENT versus VOLTAGE versus FREQUENCY : 


TS 
yaa SL i 
8 a | TL 
ll PITA oT TT 
CIS 
NET 
cee me SEE 





VI(EGC) = OV 
v(Pint)=20V_ ITI 
VeeE=-60V 


N(EGC), EGC INPUT CURRENT (mA) 











CIR, CHANNEL ISOLATION RATIO (dB) 














0 
2.0 30 40 50 100 kHz 10 MHz 
VI(EGC), ELECTRONIC GAIN CONTROL INPUT VOLTAGE (VOLTS) f, FREQUENCY (Hz) 


FIGURE 17 — GAIN AND PHASE versus 
FREQUENCY FROM Pins 6, 7 to Pins 12, 13 


¢, PHASE (DEGREES) 

nest 

poe 
Serer ee) 
a A A 
A ND PN AF A 





Ct ll 
OkHz 100 kHz 10 MHz 10 MHz 
f, FREQUENCY (Hz) 
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SYSTEM PARAMETERS 
The following system parameters are characteristic of parameters are provided only as a guide to expected sys- 
not only the device but external component values and tem performance. These parameters are not readily 
circuit layout. Detailed test circuits and measured measureable on a production volume basis. 


FIGURE 18 — TEST CIRCUIT FOR MEASURING PROPAGATION DELAYS 


From Gain Stage Input to Zero Crossing Detector Output 


(Pin 6 to Pin 15) (Subtract 8 ns from measurement for probe and cable delays) 









TEK 475 


Capacitances are solid Tantalums 
’ (1) Scope 


X10 Probe 





Wavetek 
Model 164 
Function 
Generator 


Input 
Pin6é 
] ' 
tPLH(ZCD) a ou — Pt tPHL(ZCD) 
ZCD TEV Ae1.5V / 
= Pin 15 : ' 
Note: Symmetry Is adjusted @ 50 kHz and 50 mVpp Typical Measured Values tp_}(ZCp) = 40 ns 
* Adjust 100 k per Figure 21, Part II tPHL(ZCD) = 50 ns 


FIGURE 19 — TEST SETUP FOR MEASURING PHASE JITTER 


Note: Use of a series inductor in the differentiator network 


VEE O significantly improved phase jitter performance. , 












2-10 uF 
Capacitances are solid Tantalums 


TEK 475 
Scope 


\ 500 kHz 


X10 Probe 
Wavetek 


Model 164 
Function 
Generator 





MC3468 


Pin 15 1.5 V 
' 
t I 
: t 
e, = 0.5 Vp-p @ Pins 12, 13 = 0.5% ae ae 


I 

Typical Measured Values: ' 
] 

25 mVp-p @ Pins 12,13 =6.0% |! 


ee | 
' t I 
% Phase Jitter “7% 100% 


Note: The jitter window, t, is defined as the 
3 6 points on a Gussion curve. 
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FIGURE 20 — TEST SETUP FOR THRESHOLD AMPLIFIER DELAY AND 
THRESHOLD COMPARATOR EQUIVALENT OFFSET MEASUREMENTS 









X10 Probe 


TEK 475 
Scope 









Wavetek 
Model 164 
Function 
Generator 





X10 Probe 


Typical Measured Values: tpLH(Tp) = 43 ns 


tPHL(TD) = 43 ns 
Vio(TD) = 38 mv 


Input +100 mV 


Pin2 
100 kHz 0 






I 
! 
' 
~ 


4. 


tPHL(TD) 100 mv 





ag Fe teLH(TD) 
eo 4 
I I 


' 
ws ! ! =A 
t fe -w-i t 
Threshold PLH(TD) ss PHLU(TD) 
I 


Detector 1 
Output 1.5V 1.5V 
Pin 17 ' 


ie 


Notes: 1. For Delay measurements, V is fixed at —250 mV; 
for equivalent comparator offset voltage measurements, 
V ts adjusted until Pin 17 goes low. The voltage, V, is 
the equivalent offset, Vig(Tp)- 


2. Some compensation is possible using a resistor from 
Pin 3 to ground. 
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FIGURE 21 — TEST SETUP FOR GAIN AND PHASE versus FREQUENCY (5 kHz to 1 MHz) 
FROM INPUT TO DIFFERENTIATOR (Pin 6, 7 to Pin 12,'13) 


Actual Test Measurements (Calibrate Instrumentation for Phase Compensation) 












Solid 
Tantalums 
2-10 uF 







Wavetek 
Model 164 
Function 
Generator 






MC3468 


510 










HP3575A 
Gain Phase 
Meter 












+ 
TEK P6046 
Oifferentiator 
Probe and 
Amplifier 








(See Figure 17 for plot of data) 


DESIGN SUGGESTIONS 


Gain Stage Bias Current 


One must consider supplying 15 wA of bias cur- 
rent to the Gain Stage when designing a filter net- 
work. A good design value for the equivalent 
resistance from each input leg to groundis 5 kQ. 


Adjusting Peak Shift to Zero (See Figure 22) 


The worst peak shift observed on the ZCD output! 
occurs for the smallest slaw rate provided by the 
Active Differentiator at the ZCD inputs. In Turn, 
the Active Differentiator produces the smallest 
slew rate when the gain-bandwidth product ap- 
plied at its inputs is the smallest. Current source, 
resistors, and diode imbalances will exhibit the 
maximum peak shift under this condition. Using 
the resistor network shown, these imbalances are 
adjusted out for the worst case condition. 


FIGURE 22 ~ PEAK SHIFT NETWORK 


Pin 12 


los | 





Pin 13 


| !os 


Note: The 100 k2 resistors should be close to the IC to suppress noise. 
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MC3468 APPLICATIONS INFORMATION 


MC3468 For NRZI Encoded Magnetic Tape 


NRZI Encoding was one of the first popular record- ° 


ing formats and is formalized as an American National 
Standard for the purpose of facilitating the interchange 
of magnetic tapes. Although the Phase-Encoded format 
is now more widely accepted than NRZI, vast libraries of 
NRZI tapes still exist. Computers will be reading these 
tapes for years to come, and in some cases, re-writing 
them in phase-encoded format. Thus, the ability of the 
tape drive electronics to read both NRZI and PE tapes is 
a feature often sought in new designs. 

For NRZI recording, the magnetic surface of the tape 
is magnetized to saturation in one direction or the other 
each time a logical ‘1’ is to be recorded. The magneti- 
zation remains unchanged for a logical ‘0’. The result- 
ing signal from the read head for a typical NRZ! data 
stream is shown in Figure 23. The NRZI data stream con- 
sists of acontinuum of Fourier components up to a maxi- 
mum frequency of 5f}j, where fyj is numerically equal to 
one-half the maximum flux changes per second (FCPS). 
For long strings of zeroes, the lowest Fourier component 
could theoretically be near dc, but on a typical tape a 
long interval with no “1's” is not allowed. Consequently, 
most of the: energy in the pulse train is around fy and 
its harmonics (up to the fifth). A suitable corner fre- 
quency for ac coupling from the preamplifier is 60 Hz, 
although for high speed systems it could be consider- 
ably higher (1/10 fH). The -3 dB frequency of a low 
pass filter is usually placed at a frequency greater than 
fy. In most systems, this low pass filter must do more 
than provide a roll-off for high-frequency transients. It 
also equalizes the read amplifier chain and differentia- 
tion network for linear phase versus frequency response. 
Once the transfer function of this equalization filter is 
known, it may be incorporated either as part of the ac 
coupling between the preamplifier and amplifier or as 
part of the differentiation network. 

The American National Standard specifies that NRZI 
be recorded at 800 BPI (Bits Per Inch) on open reel mag- 
netic tape. Typical read/write tape speeds range from 
12.5 to 300 IPS (Inches Per Second). Examples 1 and 4 
show MC3468 NRZI designs. 


MC3468 For Phase-Encoded (PE) Magnetic Tape 


Of the numerous methods for encoding digital data 
on magnetic tape, phase encoding is currently most 
popular. As shown in Figure 23, data is represented by 
transitions occurring in the middle of a ‘‘data cell’. A 
low-to-high flux transition (toward the magnetization 
level representing erased tape) is defined as a logical 
“one” and a high-to-low transition is defined as a logical 
“zero. For consecutive ‘one’s’ or “zero’s’ phase 
transitions are introduced as needed at the “data cell’’ 
borders. Phase transitions are not required when the en- 
coded data consists of ‘‘one-zero” patterns. 

The read head signal resulting from mixed data 
streams consists of two fundamental frequencies, fy and 
fi. which represent most of the harmonic content (with 
some energy at harmonics up to the fifth). These are 
re x IPS and reps IPS 





‘numerically equal to (where 
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FCPi x IPS 


FCPI is maximum flux changes per inch and IPS is tape 
speed in inches per second). In high-speed, low-level sys- 
tems, the amplitude of these read head signals is only a 
few millivolts and conditioning with a preamplifier such 
as the MC3467 followed by a passive bandpass filter is 
required. The bandpass characteristic sets the lower —3 
dB frequency below fi. and the upper —3 dB frequency 
above ft. In most systems, the bandpass filter must do 
more than filter out noise. The low-pass portion also 
equalizes the read amplifier chain and differentiation 
network for a linear phase versus frequency response. 
Once the transfer function of this equalization filter is 
known, it may be incorporated as part of the filter be- 
tween the preamplifier and amplifier or as part of the 
differentiation network. : 

The American National Standard specifies that PE 
data be recorded at 1600 BPI (Bits Per Inch) on open 
reel magnetic tape. Typical read/write tape speeds range 
from 6.25 to 200 IPS (Inches Per Second). Cartridges 
use 1600 BPI and have tape speeds of 30 IPS for read/ 
write. Examples 2, 3, and 4 show MC3468 designs for 
PE systems. 


MC3468 For Group Code Recorded (GCR) Magnetic 
Tape 


Basically, Group-Coded Recording (GCR) is a high 
density recording scheme which uses the NRZI conven- 
tion for ‘1's’ and ‘’0’s”, but adds the restriction that 
flux changes occur at least once in every three bit cells 
(Figure 23). The read head signal resulting from mixed 
data streams consists primarily of Fourier components 
from f_ to 3f_ = fy and their harmonics up to the fifth. 
The frequencies f and fy are numerically equal to 

FCPI x IPS 
2 and ro pe 
maximum flux changes per inch and IPS is tape speed in 
inches per second). The amplitude of the read head sig- 
nals is only a few millivolts or less and conditioning with 
a preamplifier such as the MC3467 followed by a passive 
bandpass filter is required. The bandpass characteristic 
sets the lower —3 dB frequency below f,_ and the upper 
—3 dB frequency above fy. The bandpass filter must do 
more than filter out noise. The low pass portion equal- 
izes the read amplifier chain and differentiation network 
for linear phase versus frequency response. Once the 
transfer function of this equalization filter is known, it 
may be incorporated as part of the filter between the 
preamplifier and amplifier or as part of the differentia- 
tion network. 

The proposed American National Standard specifies 
that GCR data be recorded at 9042 FCP] (Flux Changes 
Per Inch). Because of the data format, the usable data 
density is 6250 BPI rather than 9042 BPI. The ‘6250 
BPI” is a throughput specification and should not be 
used in read amplifier calculations. The original GCR 
concept was intended for high speed drives (200 IPS). 
However, it is also being applied to lower speed (125 
{PS) systems. Examples 5 and 6 illustrate the use of the 
MC3468 in GCR systems. 


, respectively (where FCPI is 








MC3468 


FIGURE 23 — MOST POPULAR MAGNETIC TAPE RECORDING FORMATS 


Bit Stream in a Track ——>— 


+M 
) 

NRZI -M 

(800 B/IN., 800 FC/IN.) 44 

o 

PE —M 

(1,600 B/IN., 3,200 FC/IN.)i4.n4 


o 
GCR _M 
(6,250 B/IN., 9,042 FC/IN.) 





CIRCUIT OPERATION 


(See Figure 24 for component wiring and Figures 25 and 
26 for Timing Diagrams) 


The operation of the MC3468 is similar for NRZI, PE, 
and GCR data formats. The preamplifier and filtered sig- 
nal is applied differentially to either Channel A or B Gain 
Stages. The Gain Stage output differentially feeds an 
Active Differentiator and a single-ended output is avail- 
able for straight capacitive or differentiated (active or 
passive) coupling into either Channel A or B inputs to 
the Threshold Amplifier. 

For the circuit configuration shown, the Active Dif- 
ferentiator output leads the input by almost 90°. The 
Active Differentiator output is applied to a Zero-Crossing 
Detector, which goes low for positive levels and high for 
negative levels, changing state at the zero crossings. The’ 


Threshold Circuit amplifies the Gain Stage output and 
compares positive and negative signals to a threshold 
level, When the level is exceeded, the TD output is low. 
From the waveforms, it is seen that the ZCD output 
makes a transition approximately in the middle of the 
period when TD is low. Wiring ZCD “‘anded” with TD to 
the set input and ZCD “‘anded’’ with TD to the “‘reset” 
input of the R-S type flip-flop reconstructs the data 
stream encoded on the tape. This circuit works for zero 
clip (zero threshold) operation, but has the disadvantage 
that timing distortion results from capacitive loading. 
Digital circuits for reconstructing the data stream which 
utilize pipe-line delays to overcome capacitive loading 
timing distortion are shown in Figure 27. 


FIGURE 24 — TYPICAL MC3468 COMPONENT HOOKUP 
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FIGURE 25 — WAVEFORMS SHOWING MC3468 OPERATION FOR NR2ZI DATA 
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FIGURE 26 — TIMING DIAGRAM WAVEFORMS SHOWING MC3468 OPERATION FOR PHASE-ENCODED DATA 
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FIGURE 27 — OTHER DIGITAL CIRCUITS FOR RECONSTRUCTING DATA STREAMS FROM THE MC3468 


1) Dual Output Circuit (Pipetine Delay for Negative Edge Must Be the Same for Both Outputs) 
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Group Delay Distortion 


The ultimate purpose of the magnetic read amplifier 
chain in Figure 28 is to produce a digital signal with 
transitions corresponding to the peaks of a read head sig- 
nal. Because the active and passive elements in the chain 
exhibit phase characteristics, there will be a “pipe-line’”’ 
delay between peaks at the read head and the digital out- 
put from the zero-crossing detector, Variations in this 
delay with frequency or amplitudes cause timing distor- 
tion which translates directly into increasing error rates. 
The primary consideration in the read chain implementa- 
tion is to equalize the read chain for almost flat delay 
over the frequencies and amplitudes of required opera- 
tion. Figure 28 depicts one of several possible read chain 
configurations which can be equalized for best-fiat time 
delay performance. 


Preamplifier 


FIGURE 28 — GROUP DELAY DISTORTION 


THROUGH READ CHAIN 1/3 MC3467 


High Pass Lp 
Filter 


The determination of the component values is rela- 
tively straight forward provided the active elements have 
negligible phase characteristics in the frequency range of 
operation. Below 1 MHz, the MC3467/MC3468 read 
chain active elements have negligible phase characteris- 
tics. Although phase effects start showing above 1 MHz, 
phase versus frequency is linear (constant time delay). 

Other read chain configurations have a band-pass fil- 
ter between the preamplifier and Gain Stage. It is pos- 
sible to move some of the poles of the filter into the 
active differentiator. The technique suggested in Figure 
28 transfers poles into the active differentiator to min- 
imize component count. The insertion loss of the tech- 
nique is also less than an equalization filter ahead of the 
READ amplifier. 


MC3468/69 Peak Detector Section 
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Determining Rp, Cp, and Lp For the Active 
Differentiator 


For the equalized read chain shown in Figure 28, Cp, 
Rp and Lp are determined respectively in that order. 
The phase characteristics of the active elements are as- 
sumed to be negligible. 

An active differentiator is formed by Rp, Cp and Lp 
coupling the emitters of a differential amplifier having 
current sources IQp in each leg. If a differential voltage 
AvEp cos wt is applied to the Active Differentiator, the 
resulting current through Rp and Cp is: 

2AyEp (gala 
RT 


J RT2 *(Stp + wlp) 


cos {it — arctan 
2 











Active 


Differentiator 
2Ay Ep cos Wt : 


(From Gain 
Stage) 


Pin 12 Pin 13 


[0 


1 
CD 





when WLo < S <Rr 


1 = 2A, Ep Co w sin wt 


where 2AyEp is the product of the differentia! input to 
the Gain Stage Ep and its unbalanced gain, Ay. 

where Rr is the total of Rp and the output impedances 
of Q1 and O2. The combined output impedances of Q1 
and Q2 is 40 Ohms. 


This condition is approximated for 





1 
RTCp wo, 
Sw (where wy is the maximum applied frequency of 
appreciable Fourier content). 

The peak value of | (i.e., 2Ay Ep Cp w) is important. 
As | approaches IQ(p), the transistor Q2 turns off 'and the 
waveform at Pin 12 distorts. The circuit no longer be- 
haves as a differentiator and peak distortion results, 


For best zero crossing detector performance, it is es- 
sential that {| be maximized. A design value of | which 
results in good noise performance and minimum peak 
shift is 900 microamperes, 1 

| = 2Ay Ep Crp w = 900 x 10-6 
Rearranging the equation for I, 
_ 900 x 10-6 


CD = Tay Ep @ 


) 





Also, solving we = for RT, 


1 
RTCp 
1 
wcCp 
! 
Assuming the output impedance of Q1 and Q2 com- 
bined is 40 Ohms, 





RT= 


1 


wceCp 


40 


RD 


where we = 3 WH, 


As shown in Table 1, the addition of an inductor, Lp, 
significantly improves phase linearity versus frequency 
as well as providing a roll off for high frequency noise. 
This optimum solution requires the following relation- 
ships: 

ee SOT 
RTCpD Lp 


_Rt2Cp 


rearranging, > 


Lp 


For optimum zero-crossing detector performance, 
di/dt should be as large as possible at zero-crossing. 


Motorola guarantees a minimum IQ(p) of 1.0 mA. 


TABLE 1 — PHASE LINEARITY (CONSTANT TIME 
DELAY) PERFORMANCE FOR RC versus RLC ACTIVE 
DIFFERENTIATOR NETWORK 





ao. “28 Rp  ©D ey 
Wo = 7 1 = 3wy v2 2, f te. 
d°D Nn” Rpcp VtC 
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Threshold Considerations 


The threshold circuitry is used in read after write sys- 
tems to insure that good data was written, to set up gain 
during an ID burst, and sometimes to indicate a mini- 
mum signal voltage for invalid data. Optimum threshold- 
ing requires a large swing at the threshold amplifier in- 
puts. A good design value for VinTA is 1.0 Vp-p, and 
should not exceed 1.4 Vp-p. If it does, a timing shift re- 
sults. Internal clipping is provided for all signals greater 
than 400 mVp-p. The distortion resulting from clipping 
has no effect on thresholding because only peaks are 
clipped. 

As shown in Figure 24, the Gain Stage output at Pin 
11 is ac coupled to the threshold amplifier so that volt- 
age offsets do not influence thresholding. An attenuator, 
R1/R2, is often required in the ac coupling networks be- 
cause the gain stage output is between 1.6 Vp-p and 2.4 
Vp-p for optimum zero-crossing-detector performance. 


VINTA 


Vv Ay=5 
from Ra yj Threshold 
Gain Stage Amplifier 
Pin 11 
R1 R1 


RI 
VINTA" RiFRT’° 


The magnitude of R1 should be less than 5 kQ to 
minimize the effects of Threshold Amplifier Bias current 
(ITHA = 15 HA). Also, R1 + R2 must be greater than 3 
kQ because the minimum output sink current (IQS) of 
the Gain Stage is 1.5 mA. A resistance equal to R1 
should be wired to ground from the — leg of the Thresh- 
old Amplifier (minimize offset bias current effects). 


Note that only the selected amplifier input contributes 
to bias current. Each output of the Threshold Amplifier 
is 5 ViNTA, and is applied to its resepctive Threshold 
comparator. Each comparator sees 2.5 ViNTA. Thresh- 
olding is based on a percentage of the nominal voltage 
applied to the comparators, 2.5 VintTA. Both positive 
and negative references are derived from VEE as follows: 


R3 
VA" Ra+Ra 
Pin 16 
R4 =2.5 VINTA Xx % 


(VEE) +25uA x RB 





VEE 


R3 should be less than 1 kQ. to minimize the effects of 
Threshold Comparator Bias Current (ITHc = 50 uA). A 
0.1 uF decoupling capacitor is required for transients. 

The following circuits are useful for multi-channel 
and/or dynamic threshold switching applications. 


To 
Pin 16 
of Each 
— Device 


—VEE 


25% 
Threshold 






To 
Pin 16 
of Each 
Device 


50% 
Threshoid 


Base Line Shift in PE Systems 


In phase-encoded recording, the read signal may not 
make symmetrical transitions about the zero bias level. ' 
A lower amplitude signal with a low frequency compo- 
nent is often superimposed. Although a highpass filter 
attenuates some of this component, its frequency is 
often close to the —3 dB frequency of the filter and may 
be only —6 dB down from signal amplitudes. This base- 
line shift has no adverse effects on the performance of 
the Active Differentiator. However, the Threshold De- 
tector is sensitive to the unequal signal peaks. Signal-to- 
noise ratio can be improved by performing a passive 
differentiation into the Threshold Amplifier. With the 
corner frequency, fc, placed at fL, the ft, signal is at- 
tenuated —3 dB; the fy = 2fL signal is for all practical 
purposes unattenuated. Figure 29 shows the 45° phase 
lead introduced by passive differentiation. Note that this 
technique is not directly applicable to high thresholds 
because the ZCD transitions fall outside the thresholding 
window. However, the threshold window can be delayed 
to overcome this drawback. 


V = 0,707 (2A, Ep) @ f_ (+45° Phase Lead) 


id VINTA 
R2 7 
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The design of the attenuator, R1/R2, follows as de- 
scribed previously. Example 3 shows a typical! applica- 
tion of passive differentiation to overcome base-line 
shift. 


FIGURE 29 — RESULTING OPERATION FOR PASSIVE 
DIFFERENTIATION INTO THRESHOLD AMPLIFIER 


50% 


Gain Stage 
Output 
for fi 


| 
bea 45° 
| 


ae 


VINTA 
(+45° shift) 


Board Layout and Testing Considerations 


An LS! package has many input/output pins in close 
proximity, some carrying high level signals and others 
low level signals. As carefully as the on-chip isolation of 
the devices connected to these pins is implemented by 
the manufacturer, the coupling of signals or noise be- 
tween external wires is under the control of the end-user 
who designs the integrated circuit into a piece of equip- 
ment, The designer should be familiar with the following 
layout procedures which will optimize the performance 
of the device. See Figure 30. 

1. Build all circuits on printed circuit boards (including 
breadboards), Transmission line theory for flat con- 
ductors in a plane quite convincingly proves that 
coupling is far less than for round conductors in 3- 
dimensions. 

2. Use a ground plane under the !C and over as much of 
the printed circuit board surface as possible without 
exceeding practical limits. 


3. Avoid signal runs under the IC, also avoid parallel runs 
of 1 inch or greater on the opposite or same side of 
board. 


4. Use monolithic ceramic 0.1 uF capacitors for de- 
coupling power supply transients. One from Vcc to 
ground and one from VEE to ground for each IC 
package. Keep lead lengths to % inch or less and place 
in close proximity to the IC. 


4-55 


5. Keep all signal runs as short as possible. The lead on 
Pin 15 will radiate and can couple back into the 
active differentiator. This will result in excessive 
phase jitter. The tell-tale behavior is a ringing at Pin 
11 corresponding to the transitions at Pin 15. To 
overcome this coupling problem, keep the lead on 
Pin 15 short and isolated from the other Input/Output 
lines to the MC3468. Preferably, put it over or next 
to a ground plane. For long distance runs, use a 
twisted pair or coaxial cable. 

When evaluating the device for phase jitter and fre- 
quency response, a special test jig should be designed to 
reduce ground loops and coupling caused by instrumen- 
tation. Instrumentation test set-ups must be calibrated 
at each test frequency and differential equipment util- 
ized where required. A valid evaluation of the perform- 
ance of any read amplifier chain requires considerable 
care and thought. 


FIGURE 30 — POWER AND GROUND DISTRIBUTION FOR 
MC3468 PRINTED CIRCUIT BOARD LAYOUT 


0.1 uF Monolithic 
Ceramic 
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Note: Dotted Lines Outline Ground Plane 
on Back Side of Printed Circuit Board 
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EXAMPLES 


Example #1 (See Figure 24 for Component Hookup) 


Tape Drive Type: Open Reel 

Encoding: NRZI 

Recording Density: 800 BP! (800 FCPI) 
Tape Speed: 200 IPS 

Signal into Gain Stage 


Epp = 0.3 to 0.6 Vp-p @ 80 kHz 
Threshold: 25% of minimum voltage peaks 


The voltage from the Gain Stage is designed for 1.6 Vp-p at 
Pin 11. 


1.6 " 
06 Ay ~ 2.7 


Set the EGC for a gain of 2.7, unbalanced. 
The maximum p-p voltage to the Threshold Amplifier, VintTa, 


1 
is designed for 1 Volt. The required attenuation factor is Te 





R1+R2> 3k2 and R1 <5 kQ (See text) 


These constrairits are satisfied when R1 = 4.7 k2 and R2=3 kk. 
This is an optimum solution for a minimum coupling capacitor 
value. 


Now consider the minimum voltage applied to the Threshold 
Amplifier 


1 
VINTA(MIN) “T6* 2.7 x 0.3 = 0.5 Vp-p, 


The threshold comparator reference voltage, VR, is set at 25% of 
2.5V INTA(MIN) 
VR = 0.25 x 2.5 x 0.5 = 300 mV 


= —-3_ _R3_ 
300 x 10-3 = — 


R3 < 1k (See text) 
Let R3 = 470 2; then R4 = 10 kQ2 


(—6) 


The values of Rp and Cp are determined from the equations 
given in the text. 


_900x 1078 900 x 10-6 


CD DAVEpw  AyEpp@ 
: 2 900 x 10-6 
2.7x 06x 20 x 80 x 109 
Cp = 1000 pF 


Assume f, = 3f 


1 7 1 
RD cep 0 bax 3x80x109x 10-9 


Rp = 670 — 40 = 600 2 


Lp =—5—— = = 224 tH 


Example #2 (See Figure 24 for Component Hookup) 


Tape Drive Type: Open Reel 

Encoding: Phase-Encoded 

Recording Density: 1600 BPI (3200 FCPI) 
Tape Speed: 200 IPS 

Signal Into Gain Stage 
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Epp = 0.2 Vp-p @ 320 kHz 
0.4 Vp-p @ 160 kHz 
Threshold: 25% of minimum voltage peaks 


The voltage from the Gain Stage is designed for 1.6 Vp-p at 
Pin 11. 


16 
0.4 


Set the EGC for a gain of 4, unbalanced. 


=Ay =4 


The maximum p-p voitage to the Threshold Amplifier, VinTA. 


is designed for 1 Volt. The required attenuation factor is Te 





R1+R223k2 and R1 <5 kQ (See text) 


These constraints are satisfied when R1 = 4.7 kQ and R2 = 3 
kQ. This is an optimum solution for a minimum coupling capaci- 
tor value. Now consider the minimum voltage applied to the 
Threshold Amplifier. 


1 
_ VINTAIMIN) =7g% 4 * 0.2 = 0.5 Vp-p 


The threshold comparator reference voltage, Vp, is set at 25% of 
2.5 VINTA(MIN) 
VR =0.25 x 2.5 x 0.5 = 300 mV 


R3 
R3 + R4 


R3 < 1k (See text) 
Let R3 = 470 &; then R4 = 10 k2 


—300 x 10-3 = (—6) 


The values of Rp and Cp are determined from the equations 
given in the text. 


900 x 10-6 





Cy = > >= ss 
De RAVEpp. AvEp.—s 4x 0.4.x 2m x 160 x 103 
Cp = 560 pF 

Assume fc = 3f}y 

1 
RD“ Wocp 7? 
ee eine eee EEN 
2n x 3 x 320 x 103 x 5.6 x 10-10 
Rp = 295 ohms — 40 = 250 2 
RT2C 2 —12 
baa T*CD _ (295)2 x 560 x 10 54H 


Example #3 (See Figure 24 for Component Hookup) 
Same as Example #2, but consider base-line shift. 


tn addition to ac coupling between the Gain Stage and Threshold, 
a passive differentiation is performed to attenuate the lower fre- 
quencies producing base-line shift. This improves signal-to-noise 
ratio. The corner frequency is chosen at fy, = 160 kHz where the 
attenuation is 0.707 (—3 dB) and the phase angle is +45°. 


1 


eee eee 3 
fL “Dre (RT + Rg) 160% 10 
For C = 200 pF 
R1+R2=5k2 
N ii u 0.9 


OWRT+R2 1.6x0.707 | 
Let R1 = 4.7 k®, then R2 = 4702 
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Example #4 (See Figure 31 for Component Hookup) 


Tape Drive Type: Open Reel 

Encoding: Oual Mode (Phase-Encoded/NRZ1I) 

Recording Density: 1600 BPI (3200 FCPI) for PE mode and 
800 BP! (800 FCPI) for NRZI mode 

Tape Speed: 200 IPS 

Signa! Into Gain Stage 


Same as Examples 1 and 2 
Threshold: 25% of minimum voltage peaks 
NOTE: Consider base-line shift for PE mode. 


This tape drive performs either the NRZt or the PE functions of 
Examples #1 and #3, under control of the SEL A/B tine. Using 
the Gain Stage and Threshold Amplifier Channel A, Channel 8 
inputs, the hook-up for a single track is implemented as shown 
in Figure 31. Note that an electronic switch is required for Gain 
switching when the mode is changed. This particular design did 
not require the threshold voltage to be switched, although in a 
typical system it probably would be. 


It is necessary to electronically switch differentiator compo- 
nents. A low impedance MOSFET switch is shown. 


Example #5 (See Figure 24 for Component Hookup) 


Tape Drive Type: Open Reel 

Encoding: Group Code 

Recording Density: 6250 BPI, 9042 FCP} 
Tape Speed: 200 IPS 

Signal Into Gain Stage 


Epp = 0.1 Vp-p @ 900 kHz = fy 
Epp = 0.3 Vp-p @ 300 kHz = f__ 
Considerations for setting Gain Stage EGC, coupling (passive dif- 


ferentiation for base-line shift or straight ac) into the Threshold 
Amplifier, and Threshold setting are similar to the previous ex- 
amples. For Group-coded data the EGC setting can be electroni- 
cally locked during the ID burst in conjunction with Threshold 
setting. (See Figure 32.) 


Values for Cp and Rp 


_ 900 x 10-6 


CD * PAY Epo 


900 x 10-6 © 900 x 10-6 
AvEpp’ 5.3.x 0.3 x 27 x 300 x 103 


Cp = 300 pF 
Assume fc = 3fy 


1. 1 
Oech ae x 3 x 900 x 103 x 300 x 10-12 


Rp= -— 40 


Rp = 200 — 40 = 160 Ohms 


Rt2 Cp (200)2 x 300 x 10-12 
Lp = 5 _! )<x i x Pare 


Example #6 (See Figure 24 for Component Hookup) 
Same as Example #5 except 125 IPS tape speed. 
Signal Into Gain Stage 
Epp = 0.3 Vp-p @ 565 kHz 
Epp = 0.6 Vp-p @ 188 kHz 
Cp = 300 pF, Rp = 250 2 
Lp = 12.6 nH 


FIGURE 31 — MC3468 COMPONENT HOOKUP FOR DUAL MODE PE/NRZI EXAMPLE #4 
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FIGURE 32 — APPLICATIONS CIRCUITS 


Digital Attenuator for Setting MC3468 Gain Stage 
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Vo= Vee A tae 
Ry Bee R14 


(To EGC of MC3468 
Gain Stage) 


(MA) MOTOROLA 


Advance Specifications and 
Applications Information 


FLOPPY DISK READ AMPLIFIER 


The MC3470 is a monolithic READ Amplifier System for 
obtaining digital information from floppy disk storage. It is designed 
to accept the differential ac signal produced by the magnetic head 
and produce a digital output pulse that corresponds to each peak 
of the input signal. The gain stage amplifies the input waveform and 
applies it to an external filter network, enabling the active differ- 
entiator and time domain filter to produce the desired output. 


® Combines All the Active Circuitry To Perform the Floppy Disk 
Read Amplifier Function in One Circuit 
@ Guaranteed Maximum Peak Shift of 5.0% 


TYPICAL APPLICATION 


Active 
Filter Network Differentlator 
Components 


5V Digital 


= MC3470 


‘ Active 
Differentiator 


EY 


Magnetic 
Head 


ky! 


Analog tnputs 
gene Gain Select Mono #1 Mono #2 


This is advance information and specifications are subject to change without notice. 
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FLOPPY DISK 


READ AMPLIFIER SYSTEM 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


Amplifier 
Inputs 


Decoupling 


One-Shot 
Components 


Components 


P SUFFIX 
PLASTIC PACKAGE 
CASE 701-01 


Amplifier 
Outputs 


Active 
Oifferentiator 
Inputs 


Ovfferentiator 
Components 


i] Data 
Output 
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ABSOLUTE MAXIMUM RATINGS (Note 1)(T,a = 25°C) ‘ 


Value [Unit _] 
[ Power Supply Voltage (Pim 1@) | Veco | 16 | vac _| 
Ue acai (a a a 
Plastic Package 
Note 1: ‘Absolute Maximum Ratings” are those values beyond which the safety of 
the device cannot be guaranteed. They are not meant to imply that the 


devices should be operated at these limits. The table of “Electrical Charac- 
teristics’ provices conditions for actual device operation. 












RECOMMENDED OPERATING CONDITIONS 
[—____Ratieg | Symbol_[ Vann] Unt] 


ELECTRICAL CHARACTERISTICS (Ta, = 0 to +70°C, Voc = 4.75 to 5.25 V, Vega = 10 to 14 V unless otherwise noted) 


Symbol_[ Min [Typ | Mex] Un _| 


GAIN AMPLIFIER SECTION 


Differential Voltage Gain Avpb VIV 
(f = 200 kHz, Vip = 5.0 mV(RMS) 


Input Bias Current ae ae Re ee 


Input Common Mode Range Linear Operation ViCM Vv 
(5% max THD) 

Differential Input Voltage Linear Operation ViD mVp-p 
(5% max THD) 


Output Voltage Swing Differential 


Output Source Current, Toggled 
Output Sink Current, Pins 16 and 17 


Small Signal Input Resistance (Ta = 25°C) 

























Small Signal Output Resistance, Single-Ended 

(Ta = 28°C, Vec1 = 5.0 V, Voc2 = 12 V 
Bandwidth, -3.0 dB (vp = 2.0 mV(RMS), Ta = 25°C, 
Veci = 5.0 V, Voc2 = 12 V) 


Common Mode Rejection Ratio (Ta = 25°C, f = 100 kHz, 
Avp = 40 dB, vj, = 200 mVp-p, Vcc, = 5.0 V, 







Vec2 =12V) 
Vcc1 Supply Rejection Ratio (Ta = 25°C, Vec2 = 12 V, 
4.75 < Vcc7 < 5.25 V, Ayp = 40 dB) 
Vec2 Supply Rejection Ratio (Ta = 25°C, Voc, = 5.0 V, 
10 V < Vcoc2 < 14 V, Ayp = 40 dB) 
Common Mode Output Offset (vp = Vin=0 V, 
Differential and Common Mode) 


Differential Noise Voltage Referred to Input 
(BW = 10 Hz to 1.0 MHz, Ta = 25°C) 








kn 
a 
Vv 
puV(RMS) 
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ELECTRICAL CHARACTERISTICS (continued)}(T q = 0 to +70°C, Vcc = 4.75 to 5.25 V, Vec2 = 10 to 14 V unless otherwise noted) 


Figure Symbol [in [tye [Mex [Unit 
tps1 + tps2 
Output Voltage High Logic Level, Pin 10 (Voc 1 = 4.75 V, VOH 2.7 Vv 
Vcec2 = 12 V, |OH = -9.4 mA) 


ACTIVE DIFFERENTIATOR SECTION 
Vec1 =5.0V, Vec2 = 12 V) 
Output Voltage Low Logic Level, Pin 10 (Vcc 1 = 4.75 V, VOL Vv 
Vec2=12V, toL = 8.0 mA) 














where PS = 1/2 X 100%, 






(Vop = Vcc1) 
Fee PTE LEE 
Differentiator | Differentiator Input Resistance, Differential = Resistance, Differential 
ba = damn NE Ra a Wl ee 
(Ta = 25°C) 


tps1 — tps2 
DIGITAL SECTION 










Output Rise Time, Pin 10 P1412 {| tm | = 20s 
Output Fall Time, Pin 10 PRP a DS Me (eee Pe ee 



















Timing Accuracy Mono #1 We 13 
(t1 = 1.0 ws = 0.625 R1C1 + 200 ns) 
be kept as small as is convenient. 
Timing Range Mono #2 p12 | 2 | so | | t000 


(R1 =6.4 kQ,C1 = 200 pF) 
= Per TE 






Accurancy guaranteed for R1 in the range 
1.5 kQ <R1<10kQ and C1 in the range 
(t2 = 200 ns = 0.625 R2C2) 
(R2=16kQ, C2 = 200 pF) 


150 pF < C1 < 680 pF. 
Accuracy guaranteed for 1.5k2 <R2<10kQ, 


Timing Range Mono #1 (ty, and typ) ee 4000 —s_] 
Note: To minimize current transients, C1 should 
100 pF <C2 < 800 pF 
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MC3470 CIRCUIT SCHEMATIC 


18 
Vec2 


2.5k 2.5k 
(.) & Regulator 
=> | = 


| N 
250 250 
dss ys Ler 
ag Psa iseld 


al ne 
ea O17 
18 is i188) 


8 i88 S| 18 48 
Fi = = = => = = = 
3 






Active 
Differentlator 
and 
Peak 14 
Detector 
Comparator 
15 
13 
12 
Digital 
Section 





4-62 


MC3470 


FIGURE 1 — POWER SUPPLY CURRENTS, FIGURE 2 — VOLTAGE GAIN, BANDWIDTH, 
lec1 AND Icc2 OUTPUT VOLTAGE SWING 


OVec2 


O V017 





OV016 


Yo16 ~ Yo17 


a Yin 





6.4k 6.4k 


FIGURE 4 — AMPLIFIER OUTPUT SINK CURRENT, 
FIGURE 3 — AMPLIFIER INPUT BIAS CURRENT, lig PINS 16 AND 17 


200 pF 





6.4k 6.4k 
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FIGURE 5 — AMPLIFIER COMMON MODE FIGURE 6 — DIFFERENTIATOR OUTPUT SINK CURRENT, 
REJECTION RATIO, CMRR PINS 12 AND 13 








OVol6 


Yo16 — Yo17 


CMRR = 20 logig 100v,, 


= 100 kHz 


Vin = 200 MVpp 
R 200 pF 


OVec1 





6.4k 6.4k 


NOTE: Measurements may be made with vector voltmeter hp 
8405A or equivalent at 1.0 MHz to guarantee 100 kHz 


performance. 
FIGURE 7 — PEAK SHIFT, PS FIGURE 8 — PEAK SHIFT, PS 
See Figure 8 for Output Waveform Vin=1.0Vpp f= 250 kHz 


Test schematic on Figure 7 


Vout 
Pin 10 
15V 
f = 250 kHz 
tq t 
vane 100 Ving PS1 ps2 
= 1 tPS1-tps2 
ic pg =i eS yx 100% 
2 tpst* tps2 7 
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FIGURE 9 — DATA OUTPUT VOLTAGE HIGH, PIN 10 FIGURE 10 — DATA OUTPUT VOLTAGE LOW, PIN 10 


200 pF 200 pF 





FIGURE 11 — DATA OUTPUT RISE TIME, ttTLH 


DATA OUTPUT FALL TIME, tTHL FIGURE 12 — TIMING ACCURACY, Ey AND E72 
TIMING ACCURACY MONO #2, Er2 DATA OUTPUT RISE AND FALL TIMES, trLH AND tyHL 
Vin Is Same as shown on Figure 13, test schematic on Figure 12 Vin shown on Figure 13 


27V 


Vout 
Pin 10 t2 1.5V 


0.5 V 


tTLH TTHL 


E ees X 100% 
T2~ 206 ns 
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FIGURE 13 — TIMING ACCURACY MONO #1, Ex 
tTLH =tTHL <10ns f=250kHz 50% Duty Cycle 


Test Schematic on Figure 12 





Pin 10 1.5V 


Esa, = lA 
t1A ~ 7000 ns 





X 100% 
1B m 
Et1B8 = GOoO ns * 100% 


FIGURE 14 — AMPLIFIER OFFSET DECOUPLING 
IMPEDANCE, PINS 3 AND 4 
Re tre and Ay with Rex, = 500 2 








f= 250 kHz 
eet Vin = 5 mV(RMS) 
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Avo _ Vout 
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e e AVo ) 
2{-——— -1 
AVR 
500 2 
(ae ) 
v7 1 
outR 
FIGURE 15 — NORMALIZED POWER SUPPLY CURRENT FIGURE 16 — NORMALIZED VOLTAGE GAIN 
(Iec/Icc 25°C) versus TEMPERATURE (Ay/Ay 25°C) versus TEMPERATURE 
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MC3470 - 
FIGURE 17 — PHASE AND NORMALIZED VOLTAGE FIGURE 18 — NORMALIZED TIME DELAY 
GAIN versus FREQUENCY ty versus TEMPERATURE 
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f, FREQUENCY Tq, AMBIENT TEMPERATURE (°C) 
FIGURE 20 — NORMALIZED VOLTAGE GAIN, 
FIGURE 19 — NORMALIZED OUTPUT PULSE WIDTH, Avr/AvR 25°C 


0 
tg/t2 25°C See Figure 14, Switch Position R 


Avpi(N), NORMALIZED VOLTAGE GAIN 





t2(N), NORMALIZED OUTPUT PULSE WIDTH 
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FIGURE 21 — EFFECTIVE EMITTER RESISTANCE 
DISTRIBUTION, PINS 3 AND 4 FIGURE 22 — DIFFERENTIAL NOISE VOLTAGE 


Vec2 






Krohn-Hite 


See Figure 14 
3202 Filter 


Pin 3 or 4 





Low Pass hp 3400A 
Filter with RMS 
fg=1.0MHz Voltmeter 







Rett. EFFECTIVE EMITTER RESISTANCE (9) 





Vec1 


Ta, AMBIENT TEMPERATURE (°C) 


NOTE: Assume uncorrelated noise sources 
ep, (differential noise at input) = @g/2/100 


4-67 


MC3470 


APPLICATION INFORMATION 


The MC3470 is designed to accept a differential ac 
input from the magnetic head of a floppy disk drive and 
produce a digital output pulse that corresponds to each 
peak of the ac input. The gain stage amplifies the input 
waveform and applies it to a filter network (Figure 23a), 


FIGURE 23a — BLOCKING CAPACITORS USED TO 
ISOLATE THE DIFFERENTIATOR 


c 14 


MC3470 
Differentiator 





enabling the active differentiator and time domain filter 
to produce the desired output. 


FILTER CONSIDERATIONS 

The filter is used to reduce any high frequency noise 
present on the desired signal. Its characteristics are dic- 
tated by the floppy disk system parameters as well as the 
coupling requirements of the MC3470. The filter design 
parameters are affected by the read head characteristics, 
maximum and minimum slew rates, system transient 
response, system delay distortion, filter center frequency, 
and other system parameters. This design criteria varies 
between manufacturers; consequently, the filter con- 
figuration also varies. The coupling requirements of the 
MC3470 are a result of the output structure of the gain 
stage and the input structure of the differentiator, and 
must be adhered to regardless of the filter configuration. 

The differentiator has an internal biasing network on 
each input. Therefore, any dc voltage applied to these 
inputs will perturbate the bias level. Disturbing the bias 
level does not affect the waveform at the differentiator 
inputs, but it does cause peak shifting in the digital output 
(Pin 10). Since the output of the gain stage has an associ- 
ated dc voltage level, it, as well as any biasing introduced 
in the filter, must be isolated from the differentiator via 
series blocking capacitors. The transient response is mini- 
mized if the blocking capacitors C and C’ are placed 
before the filter as shown in Figure 23a. The charging and 
discharging of C and C’ is controlled by the filter termina- 
tion resistor instead of the high input impedance of the 
differentiator. 

The filter design must also include the current-sinking 
capacity of the amplifier output. The current source in 
the output structure (see circuit schematic — pins 16 
and 17) is guaranteed to sink a current of 2.8 mA. If the 
current requirement of the filter exceeds 2.8 mA, the cur- 
rent source will saturate, the output waveform will be 
distorted, and inaccurate peak detection will occur in 
the differentiator. Therefore, the total impedance of the 


filter must be greater than Zmin as calculated from 


_ _ SEPAVD) max 
min 2.8 mA 


where Ep is the peak differential input voltage to the 
MC3470. 


TRANSIENT RESPONSE 

The worst-case transient response of the read channel 
occurs when de switching at the amplifier input causes its 
output to be toggled. The dc voltage changes are a con- 
sequence of diode switching that takes place when control 
is transferred from the write channel to the read channel. 

If the diode network is balanced, the dc change is a 
common mode input voltage to the amplifier. The switch- 
ing of an unbalanced diode network creates a differential 
input voltage and a corresponding amplified swing in the 
outputs. The output swing will charge the blocking 
capacitor resulting in peak shifting in the digital output 
until the transient has decayed. Eliminating the differential 
dc changes at the amplifier input by matching the diode 
network or by coupling the read head to the amplifier via 
FET switches, as shown in Figure 23b, will minimize the 
filter transient response. 


FIGURE 23b — FET SWITCHES USED TO COUPLE THE R/W 
HEAD TO THE MC3470 


Power 





2N5460 


2N5460 


Two of the advantages FET switches have over diode 
switching are: 


1. They isolate the read channel from dc voltage 
changes in the system; therefore, the transient 
response of the filter does not influence the system 
transient response. 

2. The low voltage drop across the FETs keeps the 
input signal below the amplifier’s internal clamp 
voltage; whereas, the voltage dropped across a diode 
switching network adds a dc bias to the input signal 
which may exceed the clamp voltage. 


AMPLIFIER GAIN 
For some floppy systems, it may become necessary 
to either reduce the gain of the amplifier or reduce the 
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signal at the input to avoid exceeding the output swing 
capability of the amplifier. The voltage gain of the ampli- 
fier can be reduced by putting a resistor in series with 
the capacitor between pins 3 and 4 (Figure 14). The 
relationship between the gain and the external resistor is 
given by 

AVO__Rext 


RE tg 
Avr 2(re + Re) 


where AVo 4 voltage gain with the external resistor = 0, 
Avr 4 voltage gain with the external resistor in, 
Rext 4 the external resistor, and 
tet Re 4 the resistance looking into pin 3 or pin 4. 


Thus, 
Rext= 2{—— - 1 (re + Re). 


A plot of (re + Re) versus temperature is shown in 
Figure 21. Figure 20 shows the normalized voltage gain 
versus temperature with the external resistor equal to 
500 ohms. 


ACTIVE DIFFERENTIATOR 
The active differentiator in the MC3470 (simplified 
circuit shown in Figure 24), is implemented by coupling 


FIGURE 24 — ACTIVE DIFFERENTIATOR NETWORK 





the emitters of a differential amplifier with a capacitor 
resulting in a collector current that will be the derivative 
of the input voltage, 
| = Cdv/dt 
If the output voltage is taken across a resistor through 
which the collector current is flowing, the resulting volt- 
age will be the derivative of the input voltage. 


d . 
Vo = 2Rig= arc— tt) 


Vo is applied to a comparator which will provide zero 


nN 


crossing detection of the current waveform. Since the 
capacitor shifts the current 90° from the input voltage, 
the comparator performs peak detection of the input 
voltage. 

The following terms will be used in determining the 
value of C to be used in the differentiator: 


Ep 4 peak differential voltage applied to MC3470 

amplifier input. 

Epsin wt 4 voltage waveform applied to MC3470 
amplifier input (for purposes of discussion, 
assume a sine wave). 

AvbD 4 differential voltage gain of input amplifier. 

Vin(t) 4 differential voltage waveform applied to the 

differentiator inputs. 
=EpAvpsinwt (Note: The filter is assumed to 
be lossless.) 

ic(t) § current through capacitor Cp. 

Ro § output resistance of Q1 (Q2) at pin 12 (13). 


If vin(t) = EpAypsin«ot, then the current through the 
capacitor Cp is given by 


ic(t) = CpAVDEpweoswt 
and Vo(t) = 2RCCpAvpEpweosuwt. 


Accurate zero crossing detection of Vo(t) [peak 
detection of vjn(t)] occurs when the current waveform 
ic(t) crosses through zero in a minimum amount of time. 
This condition is satisfied by maximizing current slew 
rate. For a given value of w, the maximum slew rate 
occurs for the maximum value of ic or coswt = 1. There- 
fore, 

ic= CpDAVDEpw 

The MC3470 current-sourcing capacity will determine 
the maximum value ig; therefore, Cp must be chosen such 
that the maximum ic occurs at the maximum AypEpw 
product. 

2 igmax = mA 
(AVDEp™)max (120)(Epw) max 


If the peak value specified for ig is exceeded, the 
current source (IQ in Figure 24) will saturate and distort 
the waveform at pins 12 and 13. Consequently, the 
differentiator will not accurately locate the peaks and 
peak shifting will occur in the digital output. 

The effective output resistance RO of Q1 (Q2) will 
create a pole (as shown in Figure 25) at 1/2ROCp. If 
this pole is ten times greater than the maximum operating 
frequency (max), the phase shift approaches 84°. 
Locating the pole at a frequency much greater than 
10 wmax needlessly extends the noise bandwidth thus: 


1 


2Ro = ——_—_—-.. 
0 Cp 10 wmax 


If R¢ is not large enough to satisfy this condition, a series 
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FIGURE 25 — RESPONSE OF DIFFERENTIATOR 
USING ONLY Cp 


ig (t) 


AvpEpw 





1 
“max IR Cp WVin(t) 


resistor can be added so that 


1 


R= 2Ro+Rp =. 
9 0 Cp 10 wmax 


To further reduce the noise bandwidth, a second pole 
can be added (as shown in Figure 26) by putting an 


FIGURE 26 — COMPLETE RESPONSE OF DIFFERENTIATOR 


ig (t) 


CpAvpEpw 





WVin(t) 


1 
WQmax—— 
V-LpcCp 


inductor in series with the resistor and the capacitor. 
The values of R and L are determined by choosing the 
center frequency (wo) and the damping ratio (5) to meet 
the systems requirements where 


e5 


W 
VLCp 


R 
gage 


, 2/LCp 


Wo = 10 Wmax = 











1 
VLCp 
where Cp is chosen for maximum ig as shown previously. 
Solving for L gives: 
See 


Using this value for L gives: 

RCp 
2-70 
10" Crplwmax)2 


6 = 


Solving for R gives: 
aa 
5 Cp Wmax 


The total resistance (R) is the effective output resis- 
tance (Ro) plus the resistor added in the differentiator 
(Rp). Values of 5 from 0.3 to 1 produce satisfactory 
results. 


PEAK SHIFT CONSIDERATIONS 

Peak shift, resulting from current imbalance in the 
differentiator, offset voltage in the comparator, etc., can 
be eliminated by nulling the current in the emitters of 


the differentiator with a potentiometer as shown in 
Figure 27. 


FIGURE 27 — PEAK SHIFT COMPENSATION 






20k to 50k 


The potentiometer across the differentiator components 
is adjusted until a symmetrical digital output cycle is 
obtained at pin 10 for a sinusoidal input with the mini- 
mum anticipated Epw product. 


DESIGN EQUATIONS FOR ONE-SHOTS 

As shown in Figure 28, the MC3470 input waveform 
may have distortion at zero crossing, which can result in 
false triggering of the digital output. The time domain 
filter in the MC3470 can be used to eliminate the distor- 
tion by properly setting the period (t1) of the one-shot 
timing elements on pins 6 and 7. The following equation 
will optimize immunity to this signal distortion at zero 
crossing of the read head signal. 

The timing equation for the time domain filter’s one- 
shot is: 

ty = R1C1K1+To 


where Kj = 0.625, Tg = 200 ns. 


Actual time will be within +15% of ty due to variations 
in the MC3470. ; 
If AT is the maximum period of distortion (see Figure 
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FIGURE 28 — WAVEFORMS THROUGH THE READ CIRCUIT 
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28), then choose ty such that 


AT<uy>T-ST 


1 
4f(max) 

The width of the digital output pulse tg (pin 10) is 
determined by 


where T = 


t2 = RaC2K2 
where K9 = 0.625. 


Actual pulse width will be within +15% of tg due to 
variations in the MC3470, 

To preserve the specified accuracy of the MC3470, 
R1, R2, Cz, and C2 should remain in the ranges shown in 
the Electrical Characteristics. Also, to minimize current 
transients, it is important to keep the values of Cy and Ca 
as small as is convenient. For tj = 1 us and t2 = 200 ns, 
suggested good values for the capacitors are 


C1 = 250 pF 
C2 = 160 pF 


BOARD LAYOUT AND TESTING CONSIDERATIONS 

An LSI package has many input/output pins in close 
proximity, some carrying high level signals and others 
low level signals. As carefully as the on-chip isolation 
of the devices connected to these pins is implemented by 
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the manufacturer, the coupling of signals or noise between 
external wires is under the contro! of the end-user who 
designs the integrated circuit into a piece of equipment. 
The designer should be familiar with the following layout 
procedures which will optimize the performance of the 
device. See Figure 29. 


1. Build all circuits on printed circuit boards (including 


* breadboards). Transmission line theory for flat conductors 


in a plane quite convincingly proves that coupling is far 
less than for round conductors in three dimensions. 

2. Use a ground plane under the IC and over as much 
of the printed circuit board surface as possible without 
exceeding practical limits. 

3. Avoid signal runs under the IC. Also avoid parallel 
runs of 1 inch or greater on the opposite or same side 
of board. 

4. Use monolithic ceramic 0.1 uF capacitors for 
decoupling power supply transients: one from Vcc 1 to 
ground and one from Vcc? to ground for each IC 
package. Keep lead lengths to 1/4 inch or less and place 
in close proximity to the IC. 

5. Keep all signal runs as short as possible. 


When evaluating the device for phase jitter and fre- 
quency response, a special test jig should be designed 
to reduce ground loops and coupling caused by instru- 
mentation. Instrumentation test setups must be calibrated 


MC3470 


at each test frequency and differential equipment 
utilized where required. A valid evaluation of the per- 
formance of any read amplifier chain requires considerable 
care and thought. 


FIGURE 29 — POWER AND GROUND DISTRIBUTION FOR 
MC3470 PRINTED CIRCUIT BOARD LAYOUT 


Vec2 Voc1 








= | 
> 


NOTE: Dotted lines outline ground plane 
on back side of printed circuit board. 
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Specifications and 
Applications Information 


MEMORY CONTROLLER FOR 16 PIN 4K, 16K 
AND 64K DYNAMIC RAMs 


The memory controller chip is designed to greatly simplify the 
interface logic required to control the popular 16 pin multiplexed 
dynamic NMOS RAMs in a microprocessor system such as the 
M6800. The controller will generate, on command from the micro- 
processor, the proper timing signals required to successfully transfer 
data between the microprocessor and the NMOS memories. The 
controller, in conjunction with an oscillator, will also generate the 
necessary signals required to insure that the dynamic memories are 
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DYNAMIC 
MEMORY CONTROLLER 


SCHOTTKY MONOLITHIC 
INTEGRATED CIRCUIT 


L SUFFIX 
CERAMIC PACKAGE 
CASE 623 


refreshed for the retention of data. 


© Greatly Simplify the MPU-Dynamic Memory Interface 

@ Reduce Package Count and System Access/Cycle Times 30% 
@ Chip Enable for Expansion to Larger Word Capacity 
e 


Generate 1 of 4 RAS Signals for an Optimum 16K/64K 


Memory System 

High Input Impedance for Minimum Loading of MPU Bus 

Schottky TTL Technology for High Performance 

_Useful with 4K and 16K and Future Expanded Dynamic RAMs MerieL oR ae 
CASE 649 


BLOCK DIAGRAM 
Signals 
To 
MC3232A/ 
MC3242A 
Address Row Enable 
Control 
Signals Logic Refresh Enable 


From 
MPU 


PIN CONNECTIONS 


A12/14 Address 

A13/15 Decode aera 
MPU 

Interface 
And 

Ref Clk coy 

e Control 

Refresh 
__Ref Grant Logic Ponle 
Ref Request 


MC t1 t2 t3 14 tS 


Several methods may be employed to generate the required time delay: 
. One shots 
. High frequency counters 
. High frequency shift registers 
. Delay lines 


. Signals from MPU Clock See Pin Descriptions 
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ABSOLUTE MAXIMUM RATINGS (Note 1) 


[C*Rating «Symbol | Vetue [Unit 


Operating Junction Temperature 
Ceramic Package 
Plastic Package 





Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the 
device cannot be guaranteed. They are not meant to imply that the devices should 
be operated at these limits. The table of “Electrical Characteristics” provides 
conditions for actual device operation. 


RECOMMENDED OPERATING CONDITIONS 


Rating Value 


Power Supply Voltage +4.50 to +5.50 
Operating Ambient Temperature Range % 





ELECTRICAL CHARACTERISTICS (Unless otherwise noted specifications apply over recommended power supply and temperature 
ranges.) 


Input Voltage — Low Logic State 
Input Voltage — High Logic State 


Input Current — Low Logic State Ne 
(Vip = 0.5 V) 
Input Current — High Logic State (Vjyy=2.7 V) 
(Vip = 5.5 V) 
Input Clamp Voltages Vv 
(yk = 18 mA) 
vi 
Vi 
lovH = -0.2 mA for Ref Req 


WH 
IK 
Output Voltage — Low Logic State OL 
OH 
(Note: Ref Req output has internal 5.0 k 
loc 








































(lo_ = 24 mA for RAS, CAS, and RW) 
(toL = 8.0 mA for Row En, Ref En, MC, Ref Req) 
Output Voltage — High Logic State 
(lo = -1.0 mA for RAS, CAS, and RW) 
(loH = -0.4 mA for Row En, Ref En, and MC) 
resistive pullup to Vcc.) 
Power Supply Current — During R/W or Refresh 
— During Idle 
Output Short-Circuit Current a 
(Vo_ = 0 V for Row En, Ref En, and MC) 
FIGURE 1 — TYPICAL tp71,3, and4 (HIGH TO LOW) versus 
LOAD CAPACITANCE — RAS, CAS and R/W 









tpt 1, PROPAGATION DELAY TIME (ns) 





C,, LOAD CAPACITANCE (pF) 
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SWITCHING CHARACTERISTICS (Unless otherwise noted, 4.5 < Vcc < 5.5 V, and 0 < Ta < 70°C 


Pp Characteristic | Symbot | Min |Tv 


Propagation Delay Times (Full AC Load — Al! Outputs) 
MC to MC — Low to High 

































































tPLH(MC) 





MC to MC — High to Low tPHL(MC) 
tl to RAS tpT1 
t2 to Row En tpT2 
t3 to CAS tpT3 
t4 toR/W tpT4 
t5 to CAS tpTsc 
to RAS tPT5R 
to RW : tPT5W 
to Row En (Refresh) ‘ tPT5ER 
to Row En (RW) tpT5E 
to Refresh En tPpT5F 
Ref Clk to Ref Req tpca 
tpGs 


Ref Grant to Row En 
to Ref En 
t1 to Ref Req (Ref only) 





tpTO 















Propagation Delay Times (AC Load, 15 pF — All Outputs) 














t1 to RAS tpT1 
t2 to Row En tpT2 
t3 to CAS teT3 
t4 to R/W tpT4 
t5 to CAS tpT5C 
to RAS tPT5R 
to R/W tpTSW 
to Row En (Refresh) tPTSER 
to Row En (RW) tPT5E 
to Refresh En tPT5SF 


















Setup Times (Full AC Load — All Pins) 









Ref Clk before Ref Grant tsu(RC) 
A12, A13 before t1 tsu(A) 

RM Input before t4 tsu(RAW) 
CE before t1 tsu(CE) 


Ref Grant before t1 


Hold Times (Full AC Load — All Pins) 
A12, A13 after t5 
CE after t1 

RM after t4 

MC Rising after t1 Rising 


Minimum Delay Times (Note 2 — Full AC Load — All Pins) 


tsu(RG) 



























t? Low to High to t2 Low to High td(1-2) 
t1 Low to High to t4 Low to High td(1-4) 
t2 Low to High to t3 Low to High td(2-3) 


t3 Low to High to t5 Low to High td(3-5) 






Minimum Pulse Widths 
t1 through t5 1 







MC 
Ref Grant 


Note 2: !f delays between t1—t5 are less than the minimum specified, the succeeding outputs may not switch. 


AC LOADS (Note 3) 


R/W and CAS Outputs 450 pF to Gnd* 
|_150 pF to Gnd*_| 


RAS Outputs D 
MC, Row En, Ref En, and Ref Req Outputs 
*Includes probe and jig capacitance. 
NOTE 3: All outputs can drive larger capacitive loads than those shown 
with a small decrease in speed. See Figure 1. 
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PIN DESCRIPTION TABLE 










Row Address Strobe pins which connect to each of the dynamic RAMs to latch in row address on memory chips. 
Decoded to 1 of 4 during R/W cycle. All 4 go low during refresh cycle. 







Column Address Strobe pin which connects to each dynamic RAM to latch in column address. 
This pin signals the dynamic RAM whether the RAM is to be read from or written into. 


Row Enable output which goes to the MC3232A (MC3242A). It signals the Address Multiplexer that the lower half 
(Row Addresses) or the upper half (Column Addresses) of the address lines are to be multiplexed into the dynamic 
RAM address inputs. A Logic 1 on this output indicates the Row Addresses, and a Logic O indicates Column Addresses. 







Refresh Enable output. A Logic 1 signals the Address Multiplexer that a refresh cycle is to be done, and a Logic 0 
indicates that address multiplexing should be done. 

Chip Enable Input. A Logic 1 on this pin disables all chip functions, except that of Refresh and the MC output. CE must 
be low during t1 low to high transition to initiate R/W cycle. Once t1 is initiated, the cycle is independent of CE. 
The Read/Write input pin receives information from the M6800 MPU as to the direction of data exchange in the 
dynamic RAM. It transmits a Logic 0 to the R/W output for a Write Cycle and a Logic 1 for a Read Cycle. 


Upper Order Address lines from the M6800. These two inputs decode to four siqnals controlling the four RAS outputs. 
A14 and A15 apply to 16K RAMs. 


Memory Clock tnput from MC6875 clock or other signal source. The rising edge of MC must occur after the rising 

edge of t1 to avoid aborting the refresh cycle. When MC rises, it resets an internal flag that will terminate refresh at the end 
of the current cycle. Failure to reset the flag forces the 3480 to refresh every cycle thereafter. MC can be connected to 

t2 or t3 tn noncritical applications. 


The buffered complement output of MC. It 1s a buffered output which may be used to drive the circuitry creating the 
time delays used on inputs t1 through t5. 


These pins use external timing inputs to sequentially select the outputs to be enabled. They are positive-edge triggered 





























4 J wes 
ae t2 Q i th inputs. Assuming a Read/Write cycle is to be executed, a positive edge on t1 forces a logic 0 on one of the four RAS 
38S outputs as determined by the A12/14, A13/15 inputs. After a delay, a positive edge on t2 causes Row En to go toa 





4 WiRITs 
t& hp 


Logic 0, providing address-multiplexing information to the MC3232A or MC3242A. t3 enables the CAS output and it 
goes low. t4 enables the R/W output and it goes low, assuming the R/W input was low. t5 resets all the outputs to a 
Logic 1 (with the exception of MC, Ref En, and Ref Req). The inputs t1, t2, t3, and tS are daisy-chained, so they must 
be sequentially driven to obtain the desired output signals. t4 can be driven at any time after t1. 






















The 32 kHz (64 kHz) Refresh Clock signals this pin that another refresh cycle ts required. It is a positive-edge triggered 
input, and upon triggering, the Ref Req pin goes to a Logic 0. 


2 
3 
4 
5 
6 
Ref Req The Refresh Request output acts as an input to the MPU system, requesting a refresh cycle. This output has 
a5 kQ pullup resistor to the Vcc supply to allow wire-ORing if desired. 
Through the Refresh Grant input, the MC6875 initiates a refresh cycle. This input is positive-edge triggered and is 
enabled only after the Ref Req pin has gone low. This allows the MC3480 to discern between a Refresh Grant or a 
DMA Grant even though they appear on the same line. When employing both dynamic memory (refresh) and OMA 
in a microprocessor-based system with a combined Refresh/DMA Request control on the clock, provision must be 
made for holding off a DMA request during a refresh period {and visa versa). If this provision is not made, clock 
stretching (cycle stealing) will continue indefinitely and dynamic microprocessor data will be lost. The positive edge 
on Ref Grant causes Row En output to go low and Ref En output to go high. This signals the MC3232A (MC3242A) 
that a refresh address 1s required. The refresh cycle occurs with the succeeding pulses on t1-t5. A positive edge on t1 
causes Ref Req to go high and all the RAS outputs to go low. A positive going edge on t2 causes no change in the 
outputs, since it controls the address multiplexing (Row En) during the Read/Write cycles. There is no output change 
when t3 and t4 go high because no CAS or R/W signal is needed during refresh. A positive edge on t5 resets the RAS 
and Row En toa Logic 1 state, and Ref En to a Logic 0 state, ready for the next Read/Write cycle. 
Vcc «| 24 | +5.0 V supply. A 0.1 uF capacitor is recommended to bypass pin 24 to ground. 
fond [12 | SystemGround OCOSCSOSSOCOCSCSCSCSC“C‘CSCSCSCSCSCSCSSCSCSCSCS 
“These outputs are designed to drive the highly capacitive inputs of multiple dynamic RAMs/(150 pF for RAS outputs, and 450 pF for CAS 
and R/W outputs). Consequently, these outputs have no short-circuit limit and must be handled accordingly. Good high capacitance load 
driving techniques‘ usually include a 10 9 or greater series damping resistor. It 1s highly recommended that this be done on RAS, CAS and 
R/W outputs of the MC3480. The effect of these series damping resistors on rise and fall times must be included in timing considerations. 











NOTE: All other outputs are LS/TTL totem-pole configuration unless otherwise noted. 
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TIME DELAY INFORMATION 
TIMING REQUIREMENT CONSTRAINTS 

Atl Minimum is determined by MPU Address Delay (tap), plus RAM Row Address Set-Up Time (tasp), minus MC3480 
Propagation Delay (tp 4). 

At2-At1 Minimum is determined by RAM Row Address Hold Time (tray) minus the minimum MC3232A/3242A Row Enable to 
Output Delay (togmin). : ; 

A4t3 -At2 Minimum is determined by RAM Column Address Set-Up Time (tasc minimum) Plus maximum MC3232A/3242A Row 
Enable to Output Delay (to91MAx)- 

At4-At3. No Minimum 

At& - At3_ Minimum is determined by RAM minimum CAS Pulse Width (tcag) or Access Time from CAS (tcac) plus Data Set-Up Time 
of MPU (topsR). 

4t5-At4 Minimum is determined by the RAM minimum Write Pulse Width (typ). 


Note: Also required in computing time delays are the various delays incurred by the particular delay scheme used; i.e., delays between 
4 x fo, 2 x fy, and fg from the MC6875 which are used as inputs or the gate delays of the gates used in Figures 5A through SC. 





TYPICAL APPLICATION 
16K X 8-BIT MEMORY SYSTEM FOR M6800 MPU 


Note: Numbers in parenthesis indicate 
Part types or values for 16K x 1 RAMs 
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FIGURE 2 — READ/WRITE TIMING CYCLE 
RW Cycle 
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FIGURE 3 — REFRESH TIMING CYCLE 


Refresh Cycle 


“ IW LLL 
Ref Clk Va Rss  Q °“na~ny 





tsu(RC) 


Ref Grant 


ae eee de ee peor ees 
anes SRQAR SSS SS SS “ 
tia) 08) LALLA LLG 


Sys Clk/MC *wiMc) 
Note * twit) @ WU typical all t inputs. 


so te 
LLALLLLLLLIMLLLLL a LLL LLL LUMA 
* ZACRITIICLIRTTIICITNTI. MLM LL 
a AA LAAT MLL» LILILIL._f*** | 


tp 
Ref Req 
Foe 
_ Ve tPTSR 
RAS 
he = 
u 
t 
PTSER 
Row En 5 
> —_——=— = a 


tPTSF 


1.5V 













4-79 





MC3480 


APPLICATIONS INFORMATION 


GENERAL DESCRIPTION 


The MC3480 uses five general timing inputs in place of 
a master clock with on-chip timing generation. This gives 
the system designer optimum flexibility in interfacing 
with the various microprocessor families and dynamic 
memories that are available. In simpler slow speed 


systems, the timing signals required can be directly 
obtained from those available from the microprocessor. In 
systems requiring high speed memory/microprocessor 
cycle times, timing input t1-t5 can be obtained using 
delay lines or a range of techniques as shown in Figures 4 
thru 8. It is only necessary to maintain the time delay 
relationships shown under time delay information. 


FIGURE 4 — UNIVERSAL TIME DELAY USING MC6875 
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FIGURE 5 — ALTERNATE TIME DELAYS USING MC6875 
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FIGURE 5C — ALTERNATE TIME DELAYS USING MC6875 
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MC3480 


RAM 
Address 
Inputs 


CAS 


Z) 


FIGURE 6 — ONE SHOT TIME DELAY METHOD 
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MC3480 
RAM Controller 


Memory Clock 
From MC6875 
or Suitable 
Clock Signal 


2 MC9602s 


NOTE: t4 can be tied to t3 and the 
4th 1-shot can be used 
elsewhere. 








MC3480 


FIGURE 7 — DELAY LINE TIME DELAY METHOD 
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MC3480 
RAM Controller 


Delay Line 


Memory Clock 6 
From MC6875 
or Suitable 
Clock Signa] 


NOTE: t4 can be tied to t3 and the 
4th delay element can be 
eliminated 





MC3480 


FIGURE 8 — DELAY LINE TIME DELAY (ALTERNATE METHOD) 
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REFRESH CONSIDERATIONS 

The MC3480/MC3232A (MC3242A) memory control 
system can be used with either cycle steal or transparent 
refresh methods. Figure 9 shows one transparent tech- 
nique employing refresh during $2 low in an M6800 
microprocessor-based system. Using this technique requires 
that the memory be capable of completing a Read/Write 
Cycle and a Refresh Cycle sequentially during the M6800 
cycle. The minimum cycle time at the time of printing for 
dynamic multiplexed RAMs is 320 ns, therefore limiting 
the microprocessor to 1.56 MHz operation. The D flip- 
flops of Figure 9 produce a trigger at the beginning of 
both $1 and $2. For a 1.0 MHz system, the ti1-t5 inputs 
should be adjusted for the following delays: 


RAS falls at 150 ns (triggered by t1) 

Row En falls at 250 ns (triggered by t2) 
CAS, RM falls at 300 ns (triggered by t3) 
t5 rises at 500 ns. 


A delay line could be used to generate t1-t5 in place of 
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Memory Clock 
From MC6875 
or other Suitable 
Clock Signal 


MC3480 
RAM 
Controller 





NOTE. MC of MC3480 is delayed by 
two gate delays after t1 to 
satisfy MC after t1 Hold Time, 


th(MC)- 





the four monostables. For the 1.0 MHz system, it would 
require either two 5 tap delay lines with 50 ns per tap or a 
10 tap line with 50 ns/tap. For use with a 600 kHz 
system, a delay line with 5 taps of 150 ns each could be 
used. For this case: 

RAS falls at 150 ns 

Row En falls at 300 ns 

CAS, RM falls at 450 ns 

t5 rises at 750 ns . 

Figure 10 shows typical refresh oscillator configurations 
for both 32 kHz(fReFmin for 4K) and 64 kHz (fREFMin 
for 16K). In the case of transparent refresh, if the designer 
is not concerned with power consumption, the refresh 
oscillator may be eliminated and the Ref Clk input con- 
nected to the MC input yielding a refresh every $1. 

For DMA operation combined with cycle stealing 
refresh, care must be taken not to allow a DMA request 
during a Refresh Request/Grant period and to hold off a 
refresh during a DMA operation. See comments under pin 
descriptions, Pin 719. 





MC3480 


FIGURE 9 — EXAMPLE OF ¢2 LOW METHOD OF HIDDEN REFRESH 
USING MC3480 AND 4K RAMS 


MC3232A 


RowEn RefEn Ref Clk 


MC3480 to Dynamic Memories 





Ref Req 
Ref Grnt 
MC tt 12 


MPU Bus and Logic 


74Ls74. | 


SS Sie 
I 
I 
I 


* This inverter can be eliminated and the clock 
input of ’"D” Flip-Flop #2 connected to MC 
on the MPU Bus. The inverter is used to 
provide minimum loading of the MC line when 
multiple connections are made to that line ina 
large system. ‘ 
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MC3480 


FIGURE 10 — SUGGESTED 32 kHz OSCILLATORS 
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MC6875 
MC6875A 


(MA) MOTOROLA 


Specifications and Applications 
Information 






M6800 TWO-PHASE 
CLOCK GENERATOR/DRIVER 
M6800 CLOCK GENERATOR 
SCHOTTKY MONOLITHIC 


Intended to supply the non-overlapping ¢1 and ¢2 clock signals INTEGRATED CIRCUIT 


required by the microprocessor, this clock generator is compatible 
with 1.0, 1.5, and 2.0 MHz versions of the MC6800. Both the 
oscillator and high capacitance driver elements are included along 
with numerous other logic accessory functions for easy system 
expansion. 

Schottky technology is employed for high speed and PNP-buffered 
inputs are employed for NMOS compatibility. A single +5 V power 
supply, and a crystal or RC network for frequency determination 
are required. 





Typical MPU System with Bus Extenders 


L SUFFIX 
CERAMIC PACKAGE 
CASE 620 


MC6885/MC8T95 
thru MC6880A/MC8T26A 


MC6888/MC8T98 MC6889/MC8T 28 
BUS EXTENDER 
PIN CONNECTIONS 


ADDRESS 
AND 
CONTROL 
BUS 


—) Reset Output 
i) MPU 2 

i Power-On Reset 
-— OMA/Ref Grant 
-— DMA/Ref Req 
tJ Memory Clock 


On Oak WN = 


MC6860 
MODEM 
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MC6875, MC6875A 


ABSOLUTE MAXIMUM RATINGS (Unless otherwise noted Tg = 25°C.) 


PCRating |S mbt 
Power Supply Voitage 
input Voltage Tees 


v1 
Operating Ambient Temperature Range 
MC6875L Oto +70 
MC6875AL 55 to +125 
Tstg 
-65 to +150 
-55 to +125 


RECOMMENDED OPERATING CoB OPERATING CONDITIONS 


Power Supply Voltage Sa +4,75 to +5.25 
Operating Ambient Temperature Range | Ta | Oto+70— 


ELECTRICAL CHARACTERISTICS 
(Unless otherwise noted specifications apply over recommended power supply and temperature ranges. 
Typical values measured at Voc = 5.0 V and Tay = 25°C.) 





















Storage Temperature Range 
Ceramic Package 

Plastic Package 

Operating Junction Temperature 
Ceramic Package 

Plastic Package 










Characteristic 


Output Voltage — High Logic State 
MPU #1 and @2 Outputs 
(Vcc = 4.75 V, loHM = -200 HA) 
(Vcc = 5.25 V, loHMK = +5.0 mA) 
Bus $2 Output 
(Vcc = 4.75 V, loHB = -10 mA) 
(Vcc = 5.25 V, IOHBK = +5.0 mA) 
4 x fo Output 
(Voc = 4.75 V, Vin = 2.0 V, IoH4x = -500 uA) 
. 2x fo, DMA/Refresh Grant and Memory Clock Outputs 
(Vcc = 4.75 V, IoH = -500 nA) 
Reset Output 
(Veco = 4.75 V, Vin = 3.3 V, loHR = -100 uA) 
Output Voltage — Low Lagic State 
MPU $1 and #2 Outputs 
(Voc = 4.75 V. loiM = +200 uA) 
(Vcc = 4.75 V, lIoLMK =-5.0 mA) VOLMK 
Bus #2 Output 
(Voc = 4.75 V, lo_B = +48 mA) 
(Voc = 4.75 V, loLBK = -5.0 mA) VOLBK 
4 x fo Output 
(Voc = 4.75 V, Vit = 0.8 V, loLax = 16 mA) Vouax 
2 x fo, OMA/Refresh Grant and Memory Clock Outputs 
(Voc = 4.75 V, IoL = 16 mA) 
Reset Output VOLR 
(Voc = 4.75 V, Vit = 0.8 V, lIoLR = 3.2 mA) 
Input Voltage — High Logic State 
Ext. In, Memory Ready and DMA/Refresh Request Inputs 


< < 
se es (ee 
r & = 


input Voltage — Low Logic State 
Ext. In, Memory Ready and OMA/Refresh Request Inputs 


Input Thresholds — Power-On Reset Input (See Figure 2} 
Output Low to High 
Output High to Low 


Input Clamp Voltage MC6875L 
(Vcc = 4.75 V, lic = -5.0 mA) MC6875AL 


Input Current — High Logic State 
Ext. In, Memory Ready and DMA/Refresh Request Inputs 
(Vcc = 4.75 V, Vip = 5.0 V) 
Power-On Reset 
(Voc = 5.0 V, VinR = 5.0 V) 
Input Current — Low Logic State 
Ext. In, Memory Ready and DMA/Refresh Request Inputs 
(Voc = 5.25 V, Viz = 0.5 V) 
Power-On Reset Input 
(Vec =5.25 V, Viz = 0.5 V) 
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MC6875, MC6875A 


OPERATING DYNAMIC POWER SUPPLY CURRENT 


Power Supply Currents 
(Vcc = 5.25 V, fose = 8.0 MHz, Vit =0 V, Vip = 3.0 V) 
Norma! Operation 
(Memory Ready and DMA/Refresh Request Inputs at 
High Logic State) 


Memory Ready Stretch Operation 
(Memory Ready Input at Low Logic State: 
DMA/Refresh Request Input at High Logic State) 
DMA/Refresh Request Stretch Operation 
(Memory Ready Input at High Logic State; 
DMA/Refresh Request Input at Low Logic State} 





SWITCHING CHARACTERISTICS : 
(These specifications apply whether the Internal Oscillator (see Figure 9) or an External Oscillator 1s used (see Figure 10). 
Typical values measured at Vcc = 5.0 V, Ta = 25°C, fo = 1.0 MHz (see Figure 8). 


Characteristic [symbol | Min [Tye | Max | Unit_ | 

MPU ¢1 AND ¢2 CHARACTERISTICS 
Output Period (Figure 3) 
Pulse Width (Figure 3) 

(fo = 1.0 MHz) 

(fo = 1.5 MHz} 

(fo = 2.0 MHz) 
Total Up Time (Figure 3) 

(fo = 1.0 MHz) 

(fo = 1.5 MHz) 

(fo = 2.0 MHz) 











Delay Times Referenced to 2 x fo (Figure 4 MPU ¢2 only) 
Output Low to High Logic State tPLHM2X 
Output High to Low Logic State tPHLM2X 


Transition Times (Figure 3) 
Output Low to High Logic State 
Output High to Low Logic State 


BUS $2 CHARACTERISTICS 


Pulse Width — Low Logic State (Figure 4) 
{fo = 1.0 MHz) 
(fo = 1.5 MHz) 
{fo = 2.0 MHz) 


Pulse Width — High Logic State 
{fo = 10 MHz) 
(fo = 15 MHz) 
(fo = 2.0 MHz) 


Delay Times — (Referenced to MPU $1) (Figure 4) 
Output Low to High Logic State tPLHBM1 
(fo = 1.0 MHz) 


(fo = 1.5 MHz) 
(fo = 20 MHz) 
Output High to Low Logic State ‘ tPHLBM1 
(Cy = 300 pF) 
(Cy = 100 pF) 
Delay Times (Referenced to MPU $2} (Figure 4) 
Output Low to High Logic State tPpLHBM2 
Output High to Low Logic State tPHLBM2 
Transition Times (Figure 4) 
Output Low to High Logic State 
Output High to Low Logic State 
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MC6875, MC6875A 


SWITCHING CHARACTERISTICS (continued) 


Symbot_[ win Tve [Mex [Unit 


MEMORY CLOCK CHARACTERISTICS 
tPLHCM +25 
tPHLCM +40 


Delay Times (Referenced to MPU $2) (Figure 4) 
Output Low to High Logic State 
tPLHC2X 
tPHLC2X 















Output High to Low Logic State 

Delay Times (Referenced to 2 x fo) (Figure 4} 
Output Low to High Logic State 

Output High to Low Logic State 

Transition Times (Figure 4) 
Output Low to High State 

Output High to Low State 

















2 x fo CHARACTERISTICS 


Delay Times (Referenced to 4 x fo) (Figure 4) 
Qutput Low to High Logic State 
Output High to Low Logic State 


Delay Time (Referenced to MPU $1) (Figure 4) 
Output High to Low Logic State 





(fo = 1.0 MHz) 
(fo = 1.5 MHz) 


Transition Times (Figure 4) 
Output Low to High Logic State 
Output High to Low Logic State 
4x fo CHARACTERISTICS 
Delay Times (Referenced to Ext. In) (Figure 4) 
Output Low to High Logic State 
Output High to Low Logic State 


Transition Time (Figure 4) 
Output Low to High Logic State 
Output High to Low Logic State 


tPHL4X 
tTLH4X 
tTHL4X 
MEMORY READY CHARACTERISTICS 
Set-Up Times (Figure 5) 
Low Input Logic State tsMRL 55 
High Input Logic State tSMRH 75 
Hold Time (Figure 5) 
Low Input Logic State tTHMRL 
DMA/REFRESH REQUEST CHARACTERISTICS 
65 
75 













































Set-Up Times (Figure 6) 
Low Input Logic State tSDRL 
High Input Logic State tSDRH 
Hold Time (Figure 6) : 
Low Input Logic State THDRL 


DMA/REFRESH GRANT CHARACTERISTICS 
Delay Time Referenced to Memory Clock (Figure 6) 
tPLHG +25 
tPHLG +15 
alee eee me 
tTHLG 








Output Low to High Logic State 
Output High to Low Logic State 


Transition Times (Figure 6) 
Output Low to High Logic State 
Output High to Low Logic State 
RESET CHARACTERISTICS 


Delay Time Referenced to Power-On Reset (Figure 7) 
Output Low to High Logic State 
Output High to Low Logic State 








Transition Times (Figure 7) 
Output Low to High Logic State 
Output High to Low Logic State 





DESCRIPTION OF PIN FUNCTIONS 


® 4xfo — A free running oscillator at four times the MPU clock rate useful for a system sync signal §= @ BUS 62 — An output nominally in phase with MPU $2 having MC8T26A type drive capability 
@ 2xfo — A free running oscillator at two times the MPU clock rate @ MEMORY CLOCK —- An output nominally in phase with MPU ¢2 which free runs during a refresh request cycle 
® DMA/REF REQ -— An asynchronous input used to freeze the MPU clocks in the ¢1 high, ¢2 low state for @ POWER-ON RESET — A Schmitt trigger input which controls Reset A capacitor to ground 1s required to set the 
dynamic memory refresh of cycle steal OMA (Direct Memory Access) desired time constant Internal 50 k resistor to Vcc See General Design Suggestions for 
@ REF GRANT — A synchronous output used to synchronize the refresh or DMA operation to the MPU Manual Reset Operation 
@ MEMORY READY — An asynchronous input used to freeze the MPU clocks in the #1 low, $2 high state for siow @ RESET ~ An output to the MPU and [/O devices 
memory interface @ X1,X2 — Provision to attach # series resonant crystal or RC network 
hd vee ¢1 — Capable of driving the ¢1 snd $2 inputs on two MC6800s ® EXTIN — Allows driving by an external TTL signal to synchronize the MPU to an external system 
PU 62 
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MC6875, MC6875A 


FIGURE 1 — BLOCK DIAGRAM 





Memory Ready O 


i 
OMA/Refresh 


Request O DMA/Refresh 


Grant 








Pin 16 — +5.0 Volts 
Pin8 —Gnd 


Power-On Reset O 
(12) 





FIGURE 2 — TYPICAL HYSTERESIS CHARACTERISTIC FIGURE 3 — TIMING DIAGRAM FOR 
OF RESET FUNCTION MPU $1 AND ¢2 








Vo, QUTPUT VOLTAGE (VOLTS) 





tTHLM2 


1.0 2.0 30 40 §0 Vov = 1.0 V = Clock Overlap 
V;. INPUT VOLTAGE (VOLTS), POWER-ON RESET PIN measurement point 
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MC6875, MC6875A 


FIGURE 4 — TIMING DIAGRAM FOR NON-STRETCHED OPERATION 
(Memory Ready and DMA/Refresh Request held high continuously) 
Ext. in Input Voltage: 0 V to 3.0 V, f = 8.0 MHz, Duty Cycle = 50%, trLHEex = tTHLEX 7 5.0 ns 


2.0V 























Ext. in 
0.8 Vv 08 V 
‘THLEX | 
tPLH4X tTHL4X tTLH4ax 
4x fo 
tPLH2Xx tPHL2X tTHL2X 
2.0 V 2.0 V 2.0 V 
2x fo 
a8v 0.8 V 0.8 V 0.8 V 
tPHL2XM1 
tPLHBM1 
MPU $1 
TPHLBM1 
tPLHM22x tPHLM22X 
MPU $2 
t tTLHB 
PLHBM2 tTHLB 
2.0 V 
Bus $2 
0.8 Vv 
tPLHC2Xx 
TTHLC 
tTPLHCM 


Memory Clock 


OMA/Refresh Grant (Low) 
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MC6875, MC6875A 


FIGURE 5 — TIMING DIAGRAM FOR MEMORY READY STRETCH OPERATION 
” (Minimum Stretch Shown) 
Input Voltage: 3.0 to 0 V, tTHEMR @ TTLHMR 7 5-0 ns 


tTHLMR tTLHMR 
YYf% 
2.0V Y 2.0V 
Memory Ready Yi, 
0.8 V Yi, 0.8 V 
GY | 2.0 V 
OMA/Refresh Request Uy Y Irrelevant 
0.8 Vv Oh Yi ' a 
THMARL tenn 
tSMRL 
2 x fo 0.8 V os8v 
MPU #1 





Bus $2 








Memory 
Clock 


OMA/Refresh Grant 


(Low) 
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MC6875, MC6875A 


FIGURE 6 — TIMING DIAGRAM FOR DMA/REFRESH REQUEST STRETCH OPERATION 
(Minimum Stretch Shown) 
Input Voltage: 3.0 to 0 V, tTHLDR = tTLHDOR = 5.0 ns 


caaiginash GT, Uf ec Tw 


tsDRL 










tsSDRH 
THDORL 
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tTHLOR 
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2x fo 





MPU $2 


Bus $2 





DMA/Refresh Grant 
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MC6875, MC6875A 


‘ FIGURE 7 — POWER ON RESET ' 
Input Voltage: 0 to 5.0 V, f = 100 kHz — Pulse Width = 1.0 us, trip =tTHL = 25 ns 


Power-On Reset 


FIGURE 8 — LOAD CIRCUITS 
For Bus ¢2 





For MPU #1 and MPU #2 


To Scope 
Input 
RLL= 18k 
To Output - p 
Pin 
All diodes are 1N916 All diodes are 1N916 
or equivalent 


or equivalent 


MPU $1 CL = 35 pF, Rp = 202 
MPU $2 C, = 70pF,Rp=15 2 


O +5.0 Volts 


To Scope 
Input 
RLL = 240 
To Output 
Pin 
All diodes are 1N916 


or equivalent 


For 4 x fo, 2 x fo, Memory Clock and DMA/Refresh Grant 
RLL = 1.2 k 


All diodes are 1N916 
or equivalent 


*Load capacitance includes fixture and probe capacitance 
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MC6875, MC6875A 


APPLICATIONS INFORMATION 


FIGURE 9 — TYPICAL RC FREQUENCY versus VOLTAGE 
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GENERAL 

The MC6875 Clock Generator/Driver should be located 
on the same board and within two inches of the MC6800 
MPU. Series damping resistors of 10-30 ohms may be 
utilized between the MC6875 and the MC6800 on the ¢1 
and $2 clocks to suppress overshoot and reflections. 

The Vcc pin (pin 16) of the MC6875 should be 
bypassed to the ground pin (pin 8) at the package with a 
0.1 wF capacitor. Because of the high peak currents 
associated with driving highly capacitive loads, an ade- 
quately large ground strip to pin 8 should be used on the 
MC6875. Grounds should be carefully routed to minimize 
coupling of noise to the sensitive oscillator inputs. Unnec- 
essary grounds or ground planes should be avoided near 
pin 2 or the frequency determining components. These 
components should be located as near as possible to the 
respective pins of the MC6875. Stray capacitance near 
pin 2 or the crystal, can affect the frequency. The can of 
the crystal should not be grounded. The ground side 
of the crystal or the C of the R-C oscillator should be con- 
nected as directly as possible to pin 8. 

Unused inputs should be connected to Vcc or ground. 
Memory Ready, DMA/Refresh Request and Power-On 
Reset should be connected to Vcc when not used. 
The External Input should be connected to ground 
when not used. 





OSCILLATOR 

A tank circuit tuned to the desired crystal frequency 
connected between terminals X41 and X2 as shown in 
Figure 12, is recommended to prevent the oscillator from 
starting at other than the desired frequency. The 1kQ2 
resistor reduces the Q sufficiently to maintain stable 
crystal control. Crystal manufacturers may recommend a 
capacitance (Ci) to be used jn series with the crystal for 
optimum performance at series resonance. 

See Figures 9 and 10 for typical oscillator temperature 
and Vcc supply dependence for R-C operation. : 


FIGURE 12 — OSCILLATOR—CRYSTAL OPERATION 
x4 


MC6875 


X2 


—— 4 X fo = Crystal frequency 


is 1 
4X fo = —_—_—_—_—-_ 
anfltcy 


2.5 4H < Ly < 22H 
75 pF < Cy < 200 pF 
Ry = 1kQ 


* Required by some 
Crystal manufacturers 


MC6875, MC6875A 


TABLE 1 — OSCILLATOR COMPONENTS 


CTS KNIGHTS 
400 REIMANN AVE. 
SANDWICH, IL 
60548 
(815) 786-8411 


APPROXIMATE 
CRYSTAL PARAMETERS 


TANK CIRCUIT 
PARAMETERS 





McCOY ELECT. CO. 
WATTS & CHESTNUTS STS. 
MT. HOLLY SPRING, PA 

17065 
(717) 486-3431 


TYCO CRYSTAL PRODUCTS 
3940 W. MONTECITO 
PHOENIX, AZ 

85019 
(602) 272-7945 


150-3260 


150-3270 


tnductors may be obtained from: Coilcraft, Cary, IL 60013 (312) 639-2361 


FIGURE 13 


RC OPERATION 


EXTERNAL INPUT 


MC6875 
X2 


MC6875 


Ext in 


External Pulse 
Generator 


To precisely time a crystal to desired frequency, a 
variable trimmer capacitor in the range of 7 to 40 pF 
would typically be used. Note it is not a recommended 
practice to tune the crystal with a parallel load capaci- 
tance. 

The table above shows typical values for Cp and LT, 
typical crystal characteristics, and manufacturers’ part 
numbers for 4.0 and 8.0 megahertz operation. 

The MC6875 will function as an R-C oscillator when 
connected as shown in Figure 13. The desired output 
frequency (M¢1) is approximately: 

Formula 320 


4x fo\CiRt 27) 423 


(See Figure 11) 

It would be desirable to select a capacitor greater than 
15 pF to minimize the effects of stray capacitance. It is 
also desirable to keep the resistor in the 1 to5 k Q 
range. There is a nominal 270 {2 resistor internally at 


X1 which is in series with the external R. By keeping 
the external R as large as possible, the effects due to 
process variations of the internal resistor on the frequency 
wil be reduced. There will, however, still be some 
variation in frequency in a production lot both from 
the resistance variations, external and internal, and 
process variations of the input switching thresholds. 
Therefore, in a production system, it is recommended 
a potentiometer be placed in series with a fixed R 
between X4 and XQ. 
POWER-ON RESET 

As the power to the MC6875 comes up, the Reset 
Output will be in a high impedance state and will not give 


C in picofarads 
R in K ohms 
4 x fo in Megahertz 





a solid Vo output level until Vcc has reached 3.5 to 
4.0 V. During this time transients may appear on the 
clock outputs as the oscillator begins to start. This 
happens at approximately Vcc = 3 V. At some V¢c¢ level 
above that, where Reset Output goes low, all the clock 
outputs will begin functioning normally. This phenom- 
enon of the start-up sequence should not cause any 
problems except possibly in systems with battery back-up 
memory. The transients on the clock lines during the 


time the Reset Output is high impedance could initiate 
the system in some unknown mode and possibly write 


into the backup memory system. Therefore in battery 
backup systems, more elaborate reset circuitry will 
be required. 

Please note that the Power-On Reset input pin of the 
MC6875 is not suitable for use with a manual MPU reset 
switch if the DMA/Ref Req or Memory Ready inputs are 
going to be used. The power on reset circuitry is used to 
initialize the internal control logic and whenever the 
input is switched low, the MC6875 is irresponsive to 
the DMA/Ref Req or Memory Ready inputs. This may 
result in the loss of dynamic memory and/or possibly 
a byte of slow static memory. The circuit of Figure 14 
is recommended for applications which do not utilize the 
.DMA/Ref Req or Memory Ready inputs. The circuit of 
Figure 15 is recommended for those applications that do. 


FIGURE 14 — MANUAL RESET FOR APPLICATIONS NOT USING 
DMA/REFRESH REQUEST OR MEMORY READY INPUTS 


MC6875 
MC6800 


Manual! Reset Switch 





FIGURE 15 — MANUAL RESET FOR SYSTEMS USING 
DYNAMIC RAM OR SLOW STATIC RAM IN CONJUNCTION 
WITH MEMORY READY OR DMA/REFRESH REQUEST INPUTS 


1/4 74LS08 


MC6875 


Manual Reset 
Switch 
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QUAD THREE-STATE BUS TRANSCEIVER 


This quad three-state bus transceiver features both excellent MOS 
or MPU compatibility, due to its high impedance PNP transistor 
input, and high-speed operation made possible by the use of Schottky 
diode clamping. Both the —48 mA driver and —20 mA receiver out- 
puts are short-circuit protected and employ three-state enabling inputs. 

The device is useful as a bus extender in systems employing the 
M6800 family or other comparable MPU devices. The maximum 
input current of 200 uA at any of the device input pins assures 
proper operation despite the limited drive capability of the MPU 
chip. The inputs are also protected with Schottky-barrier diode 
clamps to suppress excessive undershoot voltages. 

The MC8T26A is identical to the NE8T26A and it operates from 
a single +5 V supply. 


High Impedance Inputs 

Single Power Supply 

High Speed Schottky Technology 

Three-State Drivers and Receivers 

Compatible with M6800 Family Microprocessor 


MICROPROCESSOR BUS EXTENDER APPLICATION 


(Clock) 
GNDO+S V #1 62 


MC6885/MC8T95 


thru 
MC6888/MC8T98 
BUS EXTENDER 


AODRESS 
AND 
CONTROL 
BUS 


MC6860 a 
MODEM 
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MC6880A 
MC8T26A 


This device may be ordered under 
either of the above type numbers. 


QUAD THREE-STATE 
BUS TRANSCEIVER 


MONOLITHIC SCHOTTKY 
INTEGRATED CIRCUITS 


L SUFFIX 
CERAMIC PACKAGE 
CASE 620 


7 16 
1 


P SUFFIX 
PLASTIC PACKAGE 
CASE 648 


PIN CONNECTIONS — MC6880A 
MC8T26A 


Recetver 


Enable 
Input 


Receiver 
Output 


1 
Bus 1 
Orwer 


Input 
1 


Recewer Driver 
}12| input 


4 





MC6880A, MC8T26A 


MAXIMUM RATINGS (Ta = 25°C unless otherwise noted.) 
[symbot_[ —Vaue [Unt 


Power Supply Voltage ae eC AS a 
Input Voltage eee MS oe | OE || 


Junction Temperature Ty °C 
175 
150 


Ceramic Package 
Plastic Package 
Storage Temperature Range -65 to+150 

















ELECTRICAL CHARACTERISTICS (4.75 Vv < Vcc < 5.25 V and O°C < Ta < 75°C unless otherwise noted.) 


Po Characteristic | Symbot Min | tye | Max 
Input Current — Low Logic State 
NL(RE) 
NL(DE) 
(Driver Input, Vi_(p) = 0.4 V) NLD) 
(Bus (Receiver) Input, Vi_(g) = 04 V) 1L(B) 


(Receiver Enable Input, Vi_(Re) = 04 V) 
Input Disabled Currenc — Low Loaic State liL(D) DIS 
(Driver Input, Vit(p) = 0.4 V) 


























“7 
> 


(Oriver Enable Input, Vit (pe) = 04 V) 






































Input Current-High Logic State 
(Recewer Enable Input, Vi (RE) = 5.25 V) NWHIRE) 25 uA 
(Driver Enable Input, ViH(pE)-= 5 25 V) 'H(DE) 25 
(Driver Input, ViH(p) = 5 25 V) MH(D) 25 
(Receiver Input, ViH(pB) = 5.25 V) NH(B) 100 










Input Voltage — Low Logic State 








(Receiver Enable tnput) VIL(RE) 
(Oriver Enable Input VIL(DE) 
(Oriver Input) Vit(D) 


(Receiver Input) ViL(B) 





085 

0.85 

085 

0.85 
Input Voltage — High Logic State 


(Receiver Enable Input) . VIH(RE) 2.0 
(Driver Enable tnput) VIHIDE) 20 
(Driver Input) ViH(D) 20 
(Receiver Input) VIH(B) 2.0 


VOLIR) 
VOH(B) 
VOH(R) 


IOHL(B) 
IOHLI(R) 












Output Voltage — Low Logic State 
(Bus Driver) Output, IoL(p) = 48 mA) 
(Receiver Output, loL(R) = 20 mA) 
Output Voltage — High Logic State 
(Bus (Driver) Output, Ioy(B) = —10 mA) 
(Receiver Output, IoH(R) = —2-0 mA) 
(Receiver Output, IOH(R) = —100 HA, Vcc = 5.0 V) 






















Output Disabled Leakage Current — High Logic State 
(Bus Driver) Output, VoH(B) = 2.4 V) 
(Receiver Output, VOH(R) = 2-4 V) 













.~ 
> 












Input Clamp Voltage 
(Driver Enable tnput Iip(pe) = —12 mA) 
(Receiver Enable Input lic(RE) = +12 MA) 


Output Disabled Leakage Current — Low Logic State 

(Bus Output, Vo_ (Bp) = 0.5 V) 'OLL(B) —100 
(Receiver Output, Vo.(R) = 0.5 V) lOLL(R) —100 
(Driver Input ljc(p) = —12 mA) 

Output Short-Circuit Current, Vcc = 525 V 


VIC(DE) 

VIC{RE) 

Vic(D) 
(Bus (Driver) Output) 


los(B) ~150 
(Receiver Output) los(R) -75 
Power Supply Current tcc 
(Voc = 5.25 Vv) 


(1) Onty one output may be short-circuited at a time. 
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MC6880A, MC8T26A 


SWITCHING CHARACTERISTICS (unless otherwise noted, specifications apply at Ta = 25°C and Vcc = 5.0 V) 


eharacterisve «dC mbt] 

Propagation Delay Time from Receiver (Bus) Input to tPLH(R) 
High Logic State Receiver Output 

Propagation Delay Time from Receiver (Bus) Input to tPHL(R) 
Low Logic State Receiver Output 

Propagation Delay Time from Driver Input to tPLH(D} 
High Logic State Driver (Bus) Output 

Propagation Delay Time from Driver Input to tPHL{D) 
Low Logic State Driver (Bus) Output 


High Impedance (Open) Logic State Receiver Output 

Propagation Delay Time from Receiver Enable Input to tpZL(RE) 
Low Logic Level Receiver Output 

Propagation Delay Time from Driver Enable Input to tPLZ(DE) 
High Impedance Logic State Driver (Bus} Output 


Propagation Delay Time from Driver Enable Input to tPZL(DE) 
Low Logic State Driver (Bus) Output 





FIGURE 1 — TEST CIRCUIT AND WAVEFORMS FOR PROPAGATION DELAY FROM 
BUS (RECEIVER) INPUT TO RECEIVER OUTPUT, tpLH(R) AND tpHL(R) 


tTLH © 5.0 ns trHL © 5.0ns 
26V 
Input 
ov 
tPHL(R) 
VOH 


Input Pulse Frequency = 10 MHz 
Duty Cycle = 50% 


Output 


VoL 


To Scope Receiver To Scope 
(input) Enable (Input) 


Input 
O 


Receiver 


Receiver (Bus) 
Output 


tnput 


Oriver 
Input 
Pulse 
Generator 
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MC6880A, MC8T26A 


Pulse 
Generator 


Pulse 
Generator 








FIGURE 2 — TEST CIRCUIT AND WAVEFORMS FOR PROPAGATION DELAY TIME FROM 
ORIVER INPUT TO BUS (DRIVER) OUTPUT, tp_y(p) AND tpHL(D) 


tTHL © 5.0 ns 


t t Input Pulse Frequency = 10 MHz 
PHL{D) PLH(D) , Duty Cycle = 50% 


VOH i 
Output 
VoL 


To Scope . Driver : To Scope 
(Input) Enable (Output) 


input 


Driver 


Driver (Bus) 1N916 
Input Output or Equiv. 


Receiver 
Output 


Receiver 
Enable 
Input 


FIGURE 3 — TEST CIRCUIT AND WAVEFORMS FOR PROPAGATION DELAY TIME FROM 
RECEIVER ENABLE INPUT TO RECEIVER OUTPUT, tp_z(Re) AND tpzL(RE) 


ttTLH ©50ns tTHL < 50ns 
2.6V 


ov 


tPLZ(RE) tPZL(RE) 
=3.5V Input Pulse Frequency = 5.0 MHz 
Duty Cycle = 50% 
Output 


VoL 


Tos . 50V 
es To Scope 


(Output) 


(input) Receiver Enable 


Receiver 
Output 


1N9 16 
or Equiv. 
Oriver Enable 
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MC6880A, MC8T26A 


FIGURE 4 — TEST CIRCUIT AND WAVEFORMS FOR PROPAGATION DELAY TIMES FROM 
DRIVER ENABLE INPUT TO DRIVER (BUS) OUTPUT, tpLz(DE) AND tpzL(DE) 


tTLH < 5.0 ns 


2.6V 


ov Input Pulse Frequency = 5.0 MHz 


+ Duty Cycle = 50% 
PZL(DE) tPLZ(DE) 


=3.5V 
Output 


VoL 


5.0 V 
To Scope 


To Scope Driver Enable (Output) 


(Input) 


Driver 


Driver (Bus) 
Pulse 


Receiver Output 
Generator Output 


1N9 16 


Receiver or Equw. 


Enable 





FIGURE 5 — BIDIRECTIONAL BUS APPLICATIONS 


Receiver 
Outputs Receiver 
Outputs 


Oriver Oriver 
Inputs Inputs 


Enable ’ 
Drivers/Receivers 


Receiver 
Enable 
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MC6881 
MC3449 


This device may be ordered under 
either of the above type numbers. 


(AA) MOTOROLA 


TRIPLE BI-DIRECTIONAL BUS SWITCH 


The MC688 1/3449 is a three channel, non-inverting, bi-directional! 
Bus Extender. It is designed to allow the bi-directional exchange of 
TTL level digital information between a selected pair of ports in a 
three port network. All three ports of each channel may be forced to 
a high impedance condition through that channel's Enable input. 

Port pair selection and listener/talker status for the three channels 
is determined through the Control and Select inputs. All inputs are 
PNP buffered, M6800 Family compatible, and protected with 
Schottky-Barrier diode clamps to suppress undershoot voltages. 


A summary of MC6881/3449 features include: 


BI-DIRECTIONAL 
BUS EXTENDER/SWITCH 


Three Channels 


L SUFFIX P SUFFIX 
CERAMIC PACKAGE = PLASTIC PACKAGE 
CASE 620 CASE 648 


Non-Inverting Data Exchange 
Bi-Directional Operation 

Active Pull-Up with Three-State Capability 
High Impedance Inputs 

TTL Compatible 

High Speed Schottky Technology 

Single Power Supply 


TRUTH TABLE 


ere sSebee| Contre of eta Fie 


ee 


X - Don’t Care 


FUNCTIONAL DIAGRAM 
To Other Switches 


PIN CONNECTIONS 


A 


Al 
A3 


A2 


Select 
(1 or 2) 
Control 


a (Direction) 
Enable 


Select 


Control 
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MiC6881, MC3449 


MAXIMUM RATINGS (Unless otherwise noted Ta = 25°C.) 


input Voltage CS TC 
[Operating Ambient Temperature Range [ta | ovo+70_| °C __| 


Storage Temperature Range Tstg -65 to +150 


v\ 
TA 
Junction Temperature Range Ty °C 
175 
150 


Ceramic Package 
ELECTRICAL CHARACTERISTICS (Vcc = 4.75 to 5.25 Volts and Ta = 0 to +70°C unless otherwise noted.) 


Plastic Package 
Symbol 
Input Voltage — Low Logic State 
Input Voltage — High Logic State 


Input Current — Low Logic State lie 
(Vi_ = 0.4 Vv) 

Input Current — High Logic State 
(Vin = 2.7 Vv) 
(Vip = 5.25 V) 


Input Clamp Voltage 

Output Voltage — Low Logic State 
(loi = 8.0 mA) 

Output Voltage — High Logic State 
(loH = -400 uA) 

Output Disabled Leakage Current 
(Voz = 0.4 V) 
(Voz = 2.7 V) 
(Voz = 5.25 V) 


Output Short Circuit Current 


Crosstalk Current — Low Logic State 



















(Vip = 2.4 V on Node 3, opposite node selected 
ViL = 0.4 V on node tested) 

Crosstalk Current — High Logic State 
(Vit = 0.8 V on Node 3, opposite node selected 
Vin = 2.4 V on node tested). 


Power Supply Current 
(Vin = 2.4 V, Voc = 5.25 V) 


Propagation Delay Times — Nodes 1,2, 3 
Low-to-High Output 
High-to-Low Output 

Enable Delay Times 
Disabled to High or Low-Logic State 
High or Low-Logic State to Disabled 


Select Delay Times 
Third-State to High or Low-Logic State 
High or Low-Logic State to Third-State 
Control Delay Times 
Third-State to High or Low-Logic State 
High or Low-Logic State to Third-State 
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MC6881, MC3449 


PROPAGATION DELAY TIME TEST CIRCUITS AND WAVEFORMS 
FIGURE 1 — NODE TO OUTPUT 


To ‘Scope 
(Output) Vcc 







§10 
To Enable = Gnd 
‘Scope 
Select = V 
(input) 5.1k 130 pF 1IN916 IH 
Pulse or Control = Gnd 
Equivalent = 
Generator MC3449 Total Including Node 2 = Open 
f= 1.0 MHz MC6881 Probes, etc. 





Propagation Delay — Node 1 to 3 Shown; — 
3 to 1, 2 to 3 and 3 to 2 Tested Similarly. — 


Duty Cycle = 50% 
tTLH = t THL = 5.0 ns 























3.0 V 
Node 1 
Input 
. Ov Input Pulse Characteristics 
3 LY 
Vou f= 1.0 MHz, 50% Duty Cycle 
Output tTLH * tTHL = 5-Ons 
Vot All voltages referenced to Gnd. 
>» 
FIGURE 2 — THIRD-STATE 
To ‘Scope 
2 (Output) 
Vcc 
510 
To ‘Scope 
(Input) 1IN914 
or 
Aarne equlvalent 
t= 1.0 MH2 nee 
Duty Cycle = 50% 
tTLH = tTHL = 5 Ons = Node 3 shown under test; vg 
Others tested similarly. = 
3.0V 
Enable 
Input 
id ov 
TEST TABLE . 
| Controt | select | Enable | Node 1 | Test 
Vou Vit Vik Pulse Vir | ten/tpis 
Output Vit VIH Pulse Vin | ten/tpis 
1.6V 
High Z State 
1.6V 
Output 
Vot 


A ANCL 


ZOL-? 


Vin 
Enable 
ViL 
Vii 
Select / Pik 
are 
Vib 
Vin 
Control / pa 
are 


Vit 


Port 1 


Vit/VoL 


Vin/VoH 
High-Z 
Port 2 


Vit/VoL 


Vin/VOH 





Port 3 


Vit/VOL 


Note 1° 


Note 2 


Note 3. 


Note 4: 


High-2 





FIGURE 3 — TIMING DIAGRAM 


7 tON 3-1 TOFF 3-1 
ten 
ViH/VOH 
High-Z 








Note 
2 


Note 
1 






Data is transmitted to only 1 of the 3 ports. Which port acts as an output depends 
on logic state of the select and contro} pins when the channel is enabled. 


A port chosen to act as the output is either high or low, depending on the logic 
state of the port chosen to be the input. 


The arrow indicates the direction of data flow. Each buffer is non-inverting, so 
data maintains the same fogic state through the buffer. 


ton is the time from third state to active (high or low) state, 
torr 's time from active to third state, 













All Ports are High-2 
Port 2 Port3 
Port 3 > Port 2 
Port 17> Port3 
Port 3—> Port 1 
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MC6881, MC3449 


lot. QUTPUT CURRENT (mA) 





FIGURE 4 — TYPICAL Io, versus VoL 


0 01 02 03 04 05 06 0.7 08 
Voy, OUTPUT VOLTAGE - LOW LOGIC STATE (VOLTS) 


TYPICAL APPLICATION 


FIGURE 5 — TWO MPUs SHARING A COMMON MAIN-MEMORY 


MC6875 


AODRESS AND 
CONTROL BUS 











DATA 
BUS 


MC6800 
DATA 






AOD. AND CONT 


MC6885-MC6888 
MC6885—MC6888 


ADDRESS 
AND CONTROL 


MC6885—MC6888 


















HIGH SPEED 
MAIN MEMORY 





MC6881 
MC3449 


MC6885-MC6888 





AOD. AND CONT 
oi 


2 


DATA 
MC6800 


DATA 
BUS 


ADORESS AND 
CONTROL BUS 
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MC6882A/MC3482A 
MC6882B/MC3482B 


This device may be ordered under 
either of the above type numbers. 







(AA) MOTOROLA 


Advance Information 


OCTAL THREE-STATE BUFFER/LATCH 


This series of devices combines four features usually found 
desirable in bus-oriented systems: 1) High impedance logic inputs 
insure that these devices do not seriously load the 
bus; 2) Three-state logic configuration allows buffers not being 
utilized to be effectively removed from the bus; 3) Schottky 
technology allows for high-speed operation; 4) 48 mA _ drive 
capability. 


OCTAL THREE-STATE 
BUFFER/LATCH 


Inverting and Non-Inverting Options of Data 
SN74S373 Function Pinouts L SUFFIX 
Eight Transparent Latches/Buffers tn a Single Package CASE 732 
Fuil Parallel-Access for Loading and Reloading 
Buffered Control Inputs 





All Inputs Have Hysteresis to Improve Noise Rejection 

High Speed — 8.0 ns (Typ) 

Three-State Logic Configuration 

Single +5 V Power Supply Requirement 

Compatible with 74S Logic or M6800 Microprocessor Systems 


High Impedance PNP Inputs Assure Minimal Loading of the Bus INPOT ECV AGENT 


CIRCUIT 
Vec 


MICROPROCESSOR BUS EXTENDER APPLICATION 


(Clock) 


Gnd +5V $1 $2 
O O 


M6800 
MPU 


MC6882A/MC3482A 
MC68828/MC3482B MC6880A/MC8T26A 
Octal Bus Extender OUTPUT EQUIVALENT 
Buffer/Latch CIRCUIT 


GE . 
Address 
and 
Control 
Bus 


MC6850 
ACIAs 


MC6860 iY 
Modem 


This ts advance information and specifications are subject to change without notice. 
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.MC6882A, B, MC3482A, B 


MAXIMUM RATINGS (Ta = 25°C unless otherwise noted.) 
Rating 


Operating Junction Temperature 
Plastic Package 
Ceramic Package 


Characteristic 
Input Voltage — High Logic State 
(Voc = 4.75 V, Ta = 25°C) 
Input Voltage — Low Logic State 
(Voc = 4.75 V,Ta = 25°C) 
Input Current — High Logic State 
(Vcc = 5.25 V, Vin = 2.4 V) 
Input Current — Low Logic State 
(Voc = 5.25 V, Vit = 0.5 V, VIL (OE) = 0.5 V) 


.~ 


.~ 


Output Voltage — Low Logic State 
(lo_ = 48 mA) 
Output Current — High Impedance State 
(Vcc = 5.25 V, Von = 2.4 V) 
(Voc = 5.25 V, Vot = 0.5 V) 
Output Short-Circuit Current 
(Vcc = 5.25 V, Vo = 0) (only one output can be shorted at a time) 


Power Supply Current MC6882A/MC3482A 
(Veco = 525 V) ‘ MC6882B/MC3482B 


Input Clamp Voltage 
(Vcc = 4.75 V, IK = -12 mA) 


MC6882A/ MC6882B/ 
Characteristics Symbol MC3482A MC3482B 


| Min | Typ | | Typ | Max _| 
Propagation Delay Times 
Data to Output 

Low to High tPLH(D) 
Cy = 50 pF 
Cy = 250 pF 
Cy = 375 pF 
Cy = 500 pF, ‘ 

High to Low tPHL(D) 
C. = 50 pF : 
Cy = 250 pF 
Cy = 375 pF 
Cy = 500 pF 


= 


3 


3 


Vv 


Propagation Delay Times 
Latch Disable (Low to High) 
to Output 
Low to High > tPLH(L) 
CL = 50 pF 
High to Low tPHL(L) 
C. = 50 pF 
Propagation Delay Times 
(CL = 20 pF) 
High Output Level to High Impedance tPpHZ(OE) 
Low Output to High Impedance tPLZ(OE) 
High Impedance to High Output tPZH(OE) 
High Impedance to Low Output tpZL(OE) 
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MC6882A, B, MC3482A, B 


AC SETUP CHARACTERISTICS (Vcc = 5.0 V, Ta = 25°C unless otherwise noted.) 










| Min | Tye | Max | Min | Typ | Max | 
Setup Time 
(Data to Negative Going Latch Enable) I =a (ie 
Hold Time 
(Data to Negative Going Latch Enable) 
ee 
(High or Low) 





PIN CONNECTIONS AND TRUTH TABLES 


MC6882A/MC3482A MC68828/MC3482B 


Output 
Enable 


es 


| 
uy 


| 
al 
a 


i 
lea 
seh ee 





Output 
Enable 
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MC6882A, B, MC3482A, B 


FIGURE 1 — TEST CIRCUIT FOR SWITCHING CHARACTERISTICS FIGURE 2 —- WAVEFORMS FOR PROPAGATION DELAY 
TIMES DATA TO OUTPUT 
3V 
To Scope (Input} ae 










Closed for 
tpL2(GE), tPZL(OE) only input 
+5 tPHL(D) tPLH(D) 


Input or 
Enable 






owwn—o 
1k Output 
MC6882A/MC3482A 
1N3064 Vor 
Pulse or Equivalent tPLH(D) tPHL(D) 
Generator Vou 
Output 
MC68828/MC3482B 7 
= 1.0 k Closed for OL 
CL Includes Probe and tl. tpHz(OE),tPZH(GE) only Input Pulse Conditions 
Jig Capacitance tTH Lose < 5ns 
— f-14 Hz 


FIGURE 3— WAVE FORMS FOR AC SETUP AND 
LATCH DISABLE TO OUTPUT DELAY 


ez 
Vv 1.5V 





| | 


tsu(D) th(D) 


Input 
(Data) 





tPLH(D) 


Output 1.5V 1.5V 


FIGURE 4— WAVEFORMS FOR PROPAGATION DELAY 
TIMES — OUTPUT ENABLE TO OUTPUT 


3.0 
Output Enable 1.5V ay a ye 1.5V £ 
ov 


tPZL(OE) tPLZ(OE) tPZH(OE) tPHZ(OE) 
. VOH 
Output = 5.0 V 1.5V 1.5 V 
VoL AHVoL +05 ey rt 
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(AA) MOTOROLA 


HEX THREE-STATE BUFFER INVERTERS 


This series of devices combines three features usually found 
desirable in bus-oriented systems: 1) High impedance logic inputs 
insure that these devices do not seriously load the bus; 2) Three-state 
logic configuration allows buffers not being utilized to be effectively 
removed from the bus; 3) Schottky technology allows high-speed 
operation. 


The devices differ in that the non-inverting MC8T95/MC6885 
and inverting MC8T96/MC6886 provide a two-input Enable which 


controls all six buffers, while the non-inverting MC8T97/MC6887 
and inverting MC8T98/MC6888 provide two Enable inputs — one 
controlling four buffers and the other controlling the remaining 
two buffers. 

The units are well-suited for Address buffers on the M6800 or 
similar microprocessor application. 


High Speed — 8.0 ns (Typ) 

Three-State Logic Configuration 

Single +5 V Power Supply Requirement 

Compatible with 74LS Logic or M6800 Microprocessor Systems 
High Impedance PNP Inputs Assure Minimal Loading of the Bus 





MICROPROCESSOR BUS EXTENDER APPLICATION 


(Clock) 
GND+t5SV $1 $2 


MC6885/MC8T95 
thru 
MC6888/MC8T98 
BUS EXTENDER 


=, 


ADDRESS 
AND 
CONTROL 
BUS 


MC6860 i 
MODEM 
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MC6885/MC8T95 
MC6886/MC8T96 
MC6887/MC8T97 
MC6888/MC8T98 


‘ This device may be ordered under 
either of the above type numbers. 


HEX THREE-STATE 
BUFFER/INVERTERS 


CASE 620 CASE 648 


INPUT EQUIVALENT 
CIRCUIT 


Voc 


OUTPUT EQUIVALENT 
CIRCUIT 


Vec 





MC6885-88, MC8T95-98 


, ’ PIN CONNECTIONS AND TRUTH TABLES 
MC6885/MC8T95 MC6886/MC8T96 



























Enable 4 16 | Vec Enable 4 
Input A €& 115] Enable 2 Input A 
Output A 114] Input F Output A 
Input B 13] Output F Input B 
Output B 12] Input E Output B 
Input C 11] Output E input C 


Output C 10} Input D Output C 


L = Low Logic State 

H = High Logic State 

Z = Third (High Impedance) State 
X = Irrelevant 








v | 8.0 | Ve 
Input Voltage vi p55 | Vide 
Ta 


dc 
de 
Operating Ambient Temperature Range Cc 
Cc 
Cc 


Storage Temperature Range -65 to +150 oof 


Operating Junction Temperature Tj o 
150 
175 


Rating 












Power Supply Voltage 





















Plastic Package 
Ceramic Package 
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MC6885-88, MC8T95-98 


ELECTRICAL CHARACTERISTICS (Unless otherwise noted, O°C <Ta <75°C and 4 75 V SVcc 5.25 V) 






Input Voltage — High Logic State VIH 
(Voc = 4.75 V, Ta = 25°C) ’ 


Input Voltage — Low Logic State Vie 
(Voc = 4.75 V, Ta = 25°C) 


Input Current — High Logic State 
(Veco = 5 25 V, Vip = 24V) 











Input Current — Low Logic State ie 
(Veco =525V,ViL =O5V.ViL(e) = O05 V) ia 
Input Current — High Impedance State 
(Veco = 525 V, Viray = 95 V. Vin(Ej= 2.0 V) Gaal 
Output Voltage — High Logic State VOH 24 
(Vcc = 475 V, lon = -5 2mA) ae 
Output Voltage — Low Logic State VOL 
Output Current — High Impedance State 
(Vcc = 5 25 V. Von = 24 V) 
(Vcc = 5 25V, VoL = 05 V) 
Output Short-Circuit Current 


(Vec = 5 25 V, Vo = 0) 
(only one output can be shorted at a time) 























Power Supply Current 
(Veco = 525 V) MC8T95, MC8T97, MC6885, MC6887 
MC8T96, MC8T98, MC6886, MC6888 


tnput Clamp Voltage ‘ : Vic 
(Vcc = 475 V, Ic = -12 mA) 




















Output Vcc Clamp Voltage Voc 
(Vcc = 90, loc = 12 mA) ; 


Output Gnd Clamp Voltage Voc 
(Voc = 0, loc = -12 mA) 

Input Voltage v1 
(1) = 10 mA) 























Characteristic Symbol 


Propagation Delay Time — High to Low State tPHL 
(Cy = 50 pF) 
(Cy = 250 pF) 
(CL = 375 pF) 
(Cy = 500 pF) 


Propagation Delay Time — Low to High State tPLH 
(CL = 50 pF) 
(CU = 250 pF) 
(Cy = 375 pF) 
(Cy = 500 pF) 
Transition Time — High to Low State tTHL 
(CL = 250 pF) 
(CL = 375 pF) 
(Cy = 500 pF) 
Transition Time — Low to High State tTLH 
(CL = 250 pF) 
(CL = 375 pF) 
(CL = 500 pF) 
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ViC6885-88, MC8T95-98 


SWITCHING CHARACTERISTICS (Vcc = 5.0 V, Ta = 25°C unless otherwise noted.) 









Propagation Delay Time — High State to Third State 
(Cy = 5.0 pF) 

Propagation Delay Time — Low State to Third State 
(Cy = 5.0 pF) 

Propagation Delay Time — Third State to High State 
(CL = 50 pF) 

Propagation Delay Time — Third State to Low State 
(Cy = 50 pF) 


FIGURE 2 — WAVEFORMS FOR PROPAGATION DELAY 
FIGURE 1 — TEST CIRCUIT FOR SWITCHING CHARACTERISTICS TIMES INPUT TO OUTPUT 


To Scope 
Output 


3V 
To Scope (Input) 







Open for tpZH(E) Test Only Input 
+5 V 


: Vv 
eown— output OH 
200 MC8T96, MC6886 
1N3064 MC8T98 or MC6888 VoL 
Pulse or Equivalent tPLH 
Generator VOH 
Output 
MC8T95, MC6885 
MC8T97 or MC6887 
= 1.0k Open for VoL 
CL Includes Probe and na tpZL(e—) Test Only Input Pulse Conditions 
Jig Capacitance tTHL = tTLH S 10 ns 
= f= 10MHz 


FIGURE 3 — WAVEFORMS FOR PROPAGATION DELAY TIMES — ENABLE TO OUTPUT 


a | —————_—_---—— 3 0V 
O5Vv 





VOH 
Output <—F 15V Enable 
<1.5V _ | 0 
tPHZ(E) tPZL(E) 
30Vv 
Enable 1.5V 15V Output 
fe) VoL 
30V 9.0 VV 
Enable 21.5V 1.5V Enable 
0) L0) 
tPZH(E) y 
Output VoL OH 
tPLZ(E) 15Vv Output 


H = High-Logic State, L = Low-Logic State, 2 = High Impedance State 
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MC6885-88, MC8T95-98 


FIGURE 4 — ADDRESS MULTIPLEXER FOR 16-PIN 4K NMOS MEMORY 


Row Enable O 
















Ao 
MC8T97 
or 






Row Address From MPU Ag 
|MCM6604A 
NMOS 
Memory 
Array 


MC8T97 
or 
Other 


Column Address 
From MPU 


Ai2 


Column Enable O 
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MC6889 _ 
MC8T28 


This device may be ordered under 
either of the above type numbers. 


(MA) MOTOROLA 


NON-INVERTING 
QUAD THREE-STATE BUS TRANSCEIVER 


This quad three-state bus transceiver features both excellent MOS 
or MPU compatibility, due to its high impedance PNP transistor 
input, and high-speed operation made possible by the use of Schottky 
diode clamping. Both the -48 mA driver and -20 mA receiver outputs 
are short-circuit protected and employ three-state enabling inputs. 

The device is useful as a bus extender in systems employing the 
M6800 family or other comparable MPU devices. The maximum 
input current of 200 uA at any of the device input pins assures 
proper operation despite the limited drive capability of the MPU 
chip. The inputs are also protected with Schottky-barrier diode 
clamps to suppress excessive undershoot voltages. 

Propagation delay times for the driver portion are 17 ns maximum 
while the receiver portion runs 17 ns. The MC8T28 is identical to 
the NE8T28 and it operates from a single +5 V supply. 


NON-INVERTING 
BUS TRANSCEIVER 


MONOLITHIC SCHOTTKY 
INTEGRATED CIRCUITS 


L SUFFIX 
CERAMIC PACKAGE 
CASE 620 
16 
1 


P SUFFIX 
PLASTIC PACKAGE 
CASE 648 


High Impedance Inputs 

Single Power Supply 

High Speed Schottky Technology 

Three-State Drivers and Receivers 

Compatible with M6800 Family Microprocessor 
Non-Inverting 


MICROPROCESSOR BUS EXTENDER APPLICATION 


(Clock) 
GNO+5 V $1 $2 


M6800 
MPU 


MC6885/MC8T95 

thru MC6889/MC8T28 
MC6888/MC8T98 BUS EXTENDER 
BUS EXTENDER 


PIN CONNECTIONS — MC6889 
MC8T28 


Receiver 
Enable 
Input 


MC6830 
ADORESS 
AND 
CONTROL 


BUS Driver 


112] Input 
4 


Recerver 


11} aes 


MC6860 
MODEM 
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MC6889, MC8T28 


MAXIMUM RATINGS (Ta, = 25°C unless otherwise noted.) 


Power Supply Voltage ee ee 
Input Voltage eee (ES eee A ee 


Junction Temperature Ty 
175 
150 


Ceramic Package 
Plastic Package 
Storage Temperature Range -65 to+150 











ELECTRICAL CHARACTERISTICS (4.75 Vv < Vcc < 5.25 V and 0°C < Tap < 75°C unless otherwise noted.) 


Symbol [ oMim | tye | Max [unit __ 


Input Current — Low Logic State 











































(Recewer Enable Input, Vit (Re) = 04 V) NWL(RE) HA 
(Driver Enable Input, ViL(pE) = 0.4 V) NL(DE) 
(Driver Input, Vit (po) = 04 V) NLD) 


(Bus (Receiver) Input, Vi_(g) = 0.4 V) 








Input Disabled Current — Low Logic State 
(Driver Input, Vj_(p) = 0.4 V) 


085 
0.85 
085 
0.85 


31 
31 
100 
100 
-100 
-100 
















Input Current-High Logic State 






(Receiver Enable Input, Viy(Re) = 5 25 V) NH(RE) 
(Driver Enable Input, Vin(pE)-= 5 25 V) NH(DE) 
(Driver Input, ViH(p) = 5.25 V) NNHID) 


tnput Voltage — Low Logic State 








(Receiver Enable Input) ViL(RE) 
(Driver Enable Input VIL(DE) 


(Driver Input) 
(Receiver Input) 


ViL(D) 
ViL(B) 















Input Voltage — High Logic State 












(Receiver Enable Input) VIH(RE) 20 
(Driver Enable Input) VIH(DE} 20 
(Driver Input) ViH(D) 2.0 


(Receiver Input) VIH(B) 


VOLIR) 
VOH(B) 
VOHIR) 


IOLL(B) 
'OLLIR) 





Output Voltage — Low Logic State 
(Bus Driver) Output, IoL(p) = 48 mA) 
(Receiver Output, loL(R) = 20 mA) 
Output Voltage — High Logic State 
(Bus (Driver) Output, 19H(pB) = —10 mA) 
(Receiver Output, IgH(R) = -2-0 mA) 
(Receiver Output, loH(R) = —100 HA, Vcc = 5.0 V) 




















Output Disabled Leakage Current — High Logic State 
(Bus Driver) Output, VoH(B) = 2.4 V) 
(Receiver Output, VOH(R) = 2.4 V) 

















Output Disabled Leakage Current — Low Logic State 
(Bus Output, Vo_(p) = 0.5 V) 
(Receiver Output, Vo_(R) = 0.5 V) 















Input Clamp Voltage 
(Driver Enable Input !jp(pe) = —12 MA) ViCc(DE) 
(Receiver Enable Input ljc(REe) = +12 mA) VIC(RE) 
(Driver Input I}c(p) = —12 mA) Vicitd) 





-150 
-75 





Output Short-Circuit Current, Vcc = 5.25 V 

(Bus (Driver) Output) 
(Receiver Output) 'os(R)} 
Power Supply Current lec 


(1) Only one output may be short-circuited ata time. 
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MC6889, MC8T28 


SWITCHING CHARACTERISTICS (Unless otherwise noted, Vcc = 5.0 V and Ta = 25°C) 


Propagation Delay Time—Receiver (C,_ = 30 pF) tPLH(R) 17 
tPHL(R) 7 

Propagation Delay Time—Driver (Cy = 300 pF) tPLH(D) 17 
tPHL(D) 17 


Propagation Delay Time—Enable (C__ = 30 pF) tPZL(R) 
— Receiver tPLZ(R) 


tPZL(D) 
tPLZ(D) 




















— Driver Enable (C_ 300 pF) 


FIGURE 1 — TEST CIRCUIT AND WAVEFORMS FOR PROPAGATION DELAY FROM 
BUS (RECEIVER) INPUT TO RECEIVER OUTPUT, tp_H(R) AND tpyt(R) 


tTHL S 5.0 ns trHL. <50ns 
2.6V 


Input Pulse Frequency = 10 MHz 
Duty Cycle = 50% 


Output 


To Scope Receiver To Scope 
(Input) Enable (Input) 


Receiver 


Receiver (Bus) 
Output 


Input 


Oriver 
Input 
Pulse 


Driver 
Generator 


Enable 
Input 
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MC6889, MC8T28 


FIGURE 2 — TEST CIRCUIT AND WAVEFORMS FOR PROPAGATION DELAY TIME FROM 
DRIVER INPUT TO BUS (DRIVER) OUTPUT, tp_y(p) AND tpHL (Dp) 


tTLH © 5.0ns 


2.6V 


Ov 


*PHLID) 
VOH 
Output 


VoL 


To Scope 


Driver 
(Input) 


Enable 
input 
O 


Driver 
Input 
O 


Receiver 
Output 


7 Receiver 
Pulse Enable 
Generator 


tTHL <5.0ns 


input Pulse Frequency = 10 MHz 
Outy Cycle = 50% 


tpLH(D) 


To Scope 
(Output) 


Driver 
{Bus) 





FIGURE 3 — TEST CIRCUIT AND WAVEFORMS FOR PROPAGATION DELAY TIME FROM 
RECEIVER ENABLE INPUT TO RECEIVER OUTPUT, tp, 2(RE) AND tp2L (RE) 


tTLH © 5.0 ns 
26VvV 


ov 
tPLZ(RE) 
=35V 
Output 
VoL 


To Scope 


(input) Receiver Enable 


Input 


Pulse 
Generator 


Receiver (Bus) 
Input 


Oriver Enable 
input 
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tTHL = 50ns 


teZL(RE) 


Input Pulse Frequency = 50 MHz 
Duty Cycle = 50% 


5.0 V 
To Scope 


{Output) 
Receiver 


Output 


1N9 16 
or Equiv. 








MC6889, MC8T28 


FIGURE 4 — TEST CIRCUIT AND WAVEFORMS FOR PROPAGATION DELAY TIMES FROM 
DRIVER ENABLE INPUT TO DRIVER (BUS) OUTPUT, tp_z(pE) AND tpzi (DE) 


tTLH < 5.0 ns tTHL < 5.0ns 


26V 90% 


os . 10% 
ov - 


Input Pulse Frequency = 5 O MHz 

: Duty Cycle = 50% 
PZL(DE) tPLZ(DE) 

=35V 


VoL 


50V 
To Scope 


To Scope Driver Enable (Output) 


Input 
(Input) Re 


Driver (Bus) 
Pulse 


Receiver Output 
Generator Output 


Receiver 
Enable 
!{nput 





FIGURE 5 — BIDIRECTIONAL BUS APPLICATIONS 


Receiver 
Outputs Receiver 
Outputs 
MC8T28 


Oriver 
tnputs 


To Other 
Orivers/ Receivers 


Receiver 
Enable 
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(AA) MOTOROLA MC6890 


FOR COMPLETE DATA 
SEE PAGE 8-61 


Product Preview 


BUS-COMPATIBLE 8-BIT 
8-BIT MPU D-TO-A CONVERTER . BUS-COMPATIBLE 


The MC6890 is a self-contained, bus-compatible, 8-bit MPU DAC 
(+ 0.19% accuracy) D-to-A converter system capable of interfac- 
ing directly with 8-bit microprocessors. 

Available in both commercia! and military temperature 
ranges, this monolithic converter contains master/slave 
registers to prevent transparency to data transitions during ac- 
tive enable; a laser-trimmed, low-TC, 2.5 V precision bandgap 
reference; and high-stability, laser-trimmed, thin-film resistors 
for both reference input and output span and offset control. 

A reset pin provides for overriding stored data and forcing lout 
to zero. 





+1/2 LSB Nonlinearity 
Available in Military Temperature Range 
Direct Data Bus Link 
Low Power: 130 mW Typ 
Fast Settling Time. 140 ns Typ 
Single Enable: 10 ns Max Data Hold Time 
L SUFFIX 


Self-Contained 2.5-V Precision Laser-Trimmed Voltage CASE 732 
Reference (May Also Be Used Externally) 


Reset Pin to Override Data 


Output Voltage Ranges: +5 O, +10, +20, or 
+2.5, 5.0, +10 Volts 


OPERATION WITH MC6800 


PIN CONNECTIONS 


MC6800 
Microprocessor (MSB) 07 [1 | 


Address Data Bus 
Bus 
$2 
VMA Analog Gnd 


116] 20 V Span 


[15] 10 V Span 


Bipolar 
Offset 


Enable 
Digital Gnd [10] 


MC6890 
Enable 





This is advance information and specifications are subject to change without notice. 


4-123 


(MA) MOTOROLA MC75365 


Specifications and Applications 


Information 


QUAD MOS CLOCK DRIVER 
OR HIGH-VOLTAGE, HIGH-CURRENT NAND DRIVER 


The MC75365 is intended for driving the highly capacitive Ad- 
dress, Control and Timing inputs on a variety of MOS RAMs such as 
the “1103” and ‘‘7001"’ types. It is designed to operate from the 
MTTL 5.0 V power supply and the Vss and Vgp power supplies 
used with the memories in most applications. Operation is re- 
commended at Vcc3 ~ Vcc2 + 3 V, but the part is useable over a 
wide latitude of supply voltages. VcCcz2 may be tied directly to 
Vcc3 in many conditions. , 


© Pin Compatible with Intel 3207 and Interchangeable with T. I. 
SN75365 


MTTL and MDTL Compatible, Diode-Clamped Inputs 
Two Common Enable Inputs per Gate Pair 

Low Standby Power Consumption Transient 
Capable of Driving High Capacitive Loads 

Fast Switching Operation 


TYPICAL APPLICATION 
with “7001” Type 1K RAM 


50V 19V 75V 15V 
O oO O 


O 
percha 
O O 
peDel 


“7001 Type 
O O 


NMOS MTTL 
RAM | Ac | MC75365 Inputs 


O © 
Lae 

O © 
Pon | 
al 


O O 
Write 
Enable 

O 
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QUAD MOS CLOCK DRIVER 


SILICON MONOLITHIC 
INTEGRATED CIRCUITS 


nv 


CERAMIC PACKAGE PLASTIC PACKAGE 
CASE 620 CASE 648 


PIN CONNECTIONS 


Vec2 Vec1 
OutputA Output D 
Input 1A Input D 

Input 2AB Input 3CD 
Input 3AB Input 2CO 
input 18 Input 1C 
Output B Output C 


Gnd Vec3 


TRUTH TABLE 


H = High Logic State 
L = Low Logic State 
| = 1= Irrelevant 





MC75365 


TYPICAL APPLICATION 
with “1103” Type 1K RAM 


195V 16V 
O 


Vec10 0 OVcc2 
Data tn 


O O 
O O 
a 


“*1103"' Type 
MTTL 
Inputs MC75965 | chip Enable | FOS = [Oo 
© © 


Read/Write 
O O 


Yn __}MC75365 


Address 
0 Lines O 





MAXIMUM RATINGS (T, = 25°C unless otherwise noted) . 


Rating 
Power Supply Voltages -0.5 to 7.0 
; -0.5 to 25 
-0.5 to 30 


Input Voltage 
Input Differential Voltage (see Note 1) 


Power Dissipation (Package Limitation) 
Ceramic Package @ Ta = 25°C 
Derate above Ta = 25°C 


Plastic Package @ Tp = 25°C 


Derate above Ta = 25°C 


Ceramic Package @ Tc = 25°C 
Derate above Tc = 25°C 


Plastic Package @ Tc = 25°C 
Derate above Tc = 25°C 


Operating Ambient Temperature Range 


Junction Temperature 
Ceramic Package 
Plastic Package 


Storage Temperature Range -65 to +150 


Note 1. This is the differential voltage between any two inputs to any single gate. 





RECOMMENDED OPERATING CONDITIONS 


Symbol | Min | typ | Max | Unit 


Vec2 4.75 20 24 
Vcc3 Vcc2 24 28 
[Diterence between VecsmdVeca «| -veesveca {9 | 40 [0 ~«| i 
[Operating Temperature Range PTA} OPT Cd SC 
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MC75365 


ELECTRICAL CHARACTERISTICS (Unless otherwise noted Ta= 25°C, Vcec1 = 5.0 V, Vec2= 20V, Vec3 = 24V, 
CL = 200 pF, Rp = 242, See Figures 1 and 2.) 


Characteristic 
!nput Voltage — High Logic State 
Input Voltage — Low Logic State 
Input Clamp Voltage 
(Wo =-12 mA) 
Input Current — Maximum Input Voltage 
(Ving = §.5V) , 
Input Current — High Logic State 
(Vip (1) = 2.4 Vv) 
(Vip (2) or Vay (3) = 2.4 V) 
Input Current — Low Logic State 
(Vit (1) = 0.4 V) 
(Vic (2) or Viz (3) = 0.4 Vv) 
Output Voltage — High Logic State 
(Voc3 = Vec2 + 3.0 V, Vi_ = 0.8 V, Ion = -100 HA) 
(Vec3 = Vec2 + 3.0 V, Vi = 0.8 V, IoH = -10 mA) 
{Voc3 = Vec2. ViL = 9.8 V, Ion = -50 HA) 
(Vec3 = Vec2. Vit = 0.8 V, loH = -10 mA) 


= 


3 


Output Voltage — Low Logic State 
(Vin = 2.0 V, lo_ = 10 mA) . 
(15 V <Vccg < 28 V, ViH = 2.0 V, lo_ = 40 mA) 
Power Supply Currents — Outputs High Logic State 
(Vec1 = 5.25 V, Vec2 = 24 V, Vec3 = 28 V, 10C1(H) . 8.0 
Vit =9 V, 10H = O mA) IoC2(H) -3.2/+0.25 


'CC3(H) . 3.5 
(Vec1 = 5.25 V, Vec2 = 24 V, Vcc3g = 24V . 'CC2(H) 0.25 


Vit =0V, IQH = OmA) 1CC3(H) 0.5 

Power Supply Currents — Output Low Logic State 
(Vec1 = §.25 V, Vec2 = 24 V, Vec3 = 28.V Iec1{L) 
Vin =5.0V,!9L=OmA) | Iec2(L) 
ICC3(L) 


3 
> 


3 
> 


Power Supply Currents — Standby Condition 
{Vec1 = 9 V, Voc2 = 24 V, Vec3 = 24 V 'cc2I(s) 
Vin = 5.0 V, lop = OmA) 'cc3(s) 


3 


NN>D 
are) 
3 
> 





*Typical Values at 25°C, Voc = 5.0 V, Vec2 = 20 V and Vcoc3 = 24 V 


SWITCHING CHARACTERISTICS (Unless otherwise noted Ta = 25°C, Vcci = 5.0 V. Vec2 = 20 V., Vecg = 24 V, 
CL = 200 pF, Rp = 242, See Figures 1 and 2.) ‘ ee 


Characteristic [Symbol [Min __| 
Propagation Delay Time, Low to High State Output [ee he | 
Propagation Delay Time, High to Low State Output tPHL 
Delay Time, Low to High State Output SS ae SS oe 
Delay Time, High to Low State Output tDHL 
Transition Time, Low to High State Output eh ae 
Transition Time, High to Low State Output tTHL 








2 
3 





WW 
o- 
kb 
OQ oo 










W Wi dO 
WwW WIo Oo 
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MC75365 


FIGURE 1 — SWITCHING CHARACTERISTIC TEST CIRCUIT 


To Scope 24V 
(Input) 


1/4MC 75365 


Pulse 
Generator 


To Scope 
(Output) 


(Includes Probe 
and Jig 
== Capacitance) 





FIGURE 2 — SWITCHING CHARACTERISTICS WAVEFORMS 


Input 


Output 





Input Pulse Characteristics: 
PRR = 1.0 MHz, PW = 500 ns, tr_H =tTHLE < 10 ns 


TYPICAL PERFORMANCE CURVES 


FIGURE 3 — OUTPUT VOLTAGE — HIGH LOGIC STATE 
versus OUTPUT CURRENT 


Vcc? ——-—= 

- Vcc2-05V 
o 

= 

Jf Vcec2 -10V 
ow 

<$ 

= Vcc2-15V 
ow 

>< 

5 & Vec2 -2.0V 
a 

20 

33 Vee2 -25 V 
o 

> 


nt. 
tS 


























lou, OUTPUT CURRENT — HIGH LOGIC STATE (mA) 


FIGURE 5 — OUTPUT VOLTAGE — LOW LOGIC STATE 


Vec1=50V 
Vcec2=20V 
Vcec3=24V 

Vin=20V 


VoL, QUTPUT VOLTAGE — LOW 
LOGIC STATE (VOLTS) 


versus OUTPUT CURRENT 


eesha eee ee 
Pee eas 


IoL, QUTPUT CURRENT — LOW LOGIC STATE (mA) 


a Ht 
Ld 


TET EET TAC 





VoH, OUTPUT VOLTAGE — HIGH 
LOGIC STATE (VOLTS) 


FIGURE 4 — OUTPUT VOLTAGE — HIGH LOGIC STATE 
versus OUTPUT CURRENT 


Vcc2 


Vcc2 -05V 


Vcec2-10V 


Vec2-15V 






OS Oe ee a, 


MUI = 


TS 


T 


A 








~~! A 








-10 -10 








iN 





IgH, OUTPUT CURRENT — HIGH LOGIC STATE (mA) 


FIGURE 6 — TOTAL POWER DISSIPATION versus FREQUENCY 
(Alt Four Drivers) 


A An"? 


1000 


Pp, POWER DISSIPATION (mW) 


| YI AJA LT 
A IVLALUT 


eet eh 
p= SGntil 
TP [owt TT 


Vec1=50V = Vcec2=20V 


Vcec3 =24V Ta = 25°C 
50% Duty Cycle 0-3 0 V Input Pulse 





f, FREQUENCY (MHz) 






















tpLH, PROPAGATION DELAY TIME 
LOW TO HIGH STATE OUTPUT (ns) 


tPLH. PROPAGATION DELAY TIME - LOW 


MC 75365 


TO HIGH STATE OUTPUT (ns) 


tPLH, PROPAGATION DELAY TIME 
LOW TO HIGH STATE OUTPUT (ns) 


fa eseeeree Os Sllealle Ss ule Bled 








TYPICAL PERFORMANCE CURVES 


FIGURE 7 — PROPAGATION DELAY TIME — 
LOW TO HIGH STATE OUTPUT 
versus AMBIENT TEMPERATURE 


CL = 200 pF 
to 


Vcec1=50V Vcc2=20V 
Ro = 242 





0 
, 0 20 40 60 80 
Ta, AMBIENT TEMPERATURE (°C) 


FIGURE 9 — PROPAGATION DELAY TIME — 
LOW TO HIGH STATE OUTPUT 
versus Voc? SUPPLY VOLTAGE 


Ses TS Sa 


CL = 200 pF 


a 
ieee 


Vec1=50V Ta=25°C 
—Vec3=Vcc2+40V 


Vcc2, SUPPLY VOLTAGE (VOLTS) 


FIGURE 11 —~ PROPAGATION DELAY TIME — 
LOW TO HIGH LOGIC STATE 
versus LOAD CAPACI TANCE 








100 200 300 400 
CL, LOAD CAPACITANCE (pF) 


tPLH, PROPAGATION DELAY TIME HIGH 
TO LOW STATE QUTPUT (ns) 


tPHL, PROPAGATION DELAY TIME — 
HIGH TO LOW STATE QUTPUT (ns) 
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tPHL, PROPAGATION DELAY TIME 








FIGURE 8 — PROPAGATION DELAY TIME — 
HIGH TO LOW STATE OUTPUT 
versus AMBIENT TEMPERATURE 


CL= 200 (a 


HIGH TO LOW STATE QUTPUT (ns) 


Cc1=50V Vcc2=20V 
CC3=24V7- RD=242 





0 20 40 60 80 
Ta, AMBIENT TEMPERATURE (°C) 


FIGURE 10 — PROPAGATION DELAY TIME — 
HIGH TO LOW STATE OUTPUT 
versus Vcc? SUPPLY VOLTAGE 





Vec3=Vcc2+40V 
Rp = 242 
Ta = 25°C 


Vec2, SUPPLY VOLTAGE (VOLTS) 


FIGURE 12 — PROPAGATION DELAY TIME — 
HIGH TO LOW STATE OUTPUT 
versus LOAD CAPACITANCE 








Vec1=50V 
Vcoc2=20V Ta=259C 
Vcec3=24V 





100 200 300 400 
Ci, LOAD CAPACITANCE (pF) 
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APPLICATIONS SUGGESTIONS 


POWER CONSIDERATIONS 
Circuit performance and long-term circuit reliability are 
affected by die temperature. Normally, both are improved 
by keeping the integrated circuit junction temperatures 
low. Electrical power dissipated in the integrated circuit 
is the source of heat. This heat source increases the 
temperature of the die relative to some reference point, 
normally the ambient temperature. The temperature in- 
crease depends on the amount of power dissipated in the 
circuit and on the net thermal resistance between the 
heat source and the reference point. The basic formula 
for converting power dissipation into junction temper- 
ature is: 

Ty =Ta~ + Pp (Resc + Raca) (1) 
or 

Ty = Ta + Pp (Rega) (2) 
where 


Ty = junction temperature 
TA = ambient temperature 
Pp = power dissipation 


R@Jc = thermal resistance, junction to case 
R6CA = thermal resistance, case to ambient 
R6JA = thermal resistance, junction to ambient. 


Power Dissipation for the MC75365 MOS Clock Driver: 
The power dissipation of the device (Pp) is dependent 
on the following system requirements: frequency of op- 
eration, capacitive loading, output voltage swing, and 
duty cycle. The variation of power dissipation with 
frequency and load capacitance for the MC75365 is 
illustrated in Figure 6. The power dissipation, when 
substituted into equation (2), should not yield a junction 
temperature, TJ, greater than Ty(max) at the maximum 
encountered ambient temperature. Ty(max) is speci- 
fied for two integrated circuit packages in the maximum 
ratings section of this data sheet. 

With these maximum junction temperature values, the 
maximum permissible power dissipation at a given 
ambient temperature may be determined. This can be 
done with equations (1) and (2) and the maximum 
thermal resistance values given in Table 1 shown on 
the following page. 
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MC75365 


TABLE 1 — THERMAL CHARACTERISTICS 
OF “L” AND “‘P” PACKAGES 


Rega (°C/W) Rgsc (c/w) 
PACKAGE TYPE Still Air Still Air 
TYP 


tye | max | Typ | 


(Mounted in Socket) | MAX | 
“L"' (Ceramic Package) 
“P** (Plastic Package) 


If the power dissipation determined by a given system 
produces a junction temperature in excess of the recom- 
mended maximum rating for a given package type, some- 
thing must be done to reduce the junction temperature. 





There are two methods of lowering the junction tem- 
perature without changing the system requirements. 
First, the ambient temperature may be reduced suf- 
ficiently to bring Ty to an acceptable value. Secondly, 
the R@ca term can be reduced. Lowering the Raca 
term can be accomplished by increasing tne surface 
area of the package with the addition of a heat sink or by 
blowing air across the package to promote improved 
heat dissipation. 


Heat Sink Considerations: 


Heat sinks come in a wide variety of sizes and shapes that 
will accomodate almost any IC package made. Some of 
these heat sinks are illustrated in Figure 13. 


FIGURE 13 — THERMALLOY* HEAT SINKS 


6007A ° 


*Manufactured by Thermalloy Co of Texas 


From Table 1, Raya(max) for the ceramic package 

with no heat sink and in a still air environment is 
150°C/W. 
For the following example the Thermalloy 6012B type 
heat sink, or equivalent, is chosen. With this heat sink, the 
Raca for natural convection from Figure 14 is 44°C/W. 
From Table 1 Rgyc(max) = 50°C/W for the ceramic 
package. Therefore, the new Rgya(max) with the 
6012B heat sink added becomes: 

Rg ya(max) = 50°C/W + 44°C/W = 94°C /W. 

Thus the addition of the heat sink has reduced R@Ja 
(max) from 150°C/W down to 94°C/W. With the heat 
sink, the maximum power dissipation by equation (2) 
at Ta = +70°C is: 


175°C — 70°C 


Pp = = 1.11 watts. 
+94°C/W 


CASE TEMPERATURE RISE 
ABOVE AMBIENT TEMPERATURE (°C) 





This gives approximately a 60% increase in maximum 
power dissipation over the power dissipation which is 
allowable with no heat sink. 


FIGURE 14 — CASE TEMPERATURE RISE ABOVE 
AMBIENT versus POWER DISSIPATED USING 
NATURAL CONVECTION 





THERMALLOY =+6007A 
DIP HEAT SINK OR EQUIV 








Forced Air Considerations: 


As illustrated in Figure 15, forced air can be employed to 
reduce the Raja term. Note, however, that this curve is 
expressed in terms of typical Rg ja rather than maximum 
Rasa. Maximum R@yja can be determined in the fol- 
lowing manner: 
From Table 1 the following information is known: 

(a) Reyaltyp) = 100°C/w 

(b) Roycl(typ) = 27°C/w 
Since: 

RaJA = Resc + Reca (3) 
Then: 

RECA = RAJA ~ ROJC (4) 
Therefore, in still air 

Racaltyp) = 100°C/W - 27°C/W = 73°C/W 


From Curve 1 of Figure 14 at 500 LFPM and eq- 
uation (4), 

Recaltyp) = 53°C - 27°C/W = 26°C/W. 

Thus Raca(typ) has changed from 73°C (still air) to 
26°C/W (500 LFPM), which is a decrease in typical 
R@CA by a ratio of 1:2.8. Since the typical value of 
R@CA was reduced by aratio of 1:2.8, Raca(max) of 
100°C/W should also decrease by a ratio of 1:2.8. 

This yields an R@ca(max) at 500 LFPM of 36°C/W. 
Therefore, from equation (3): 

RajyA(max) = 50°C/W + 36°C/W = 86°C/W. 
Therefore the maximum allowable power dissipation at 
500 LFPM and Ta = +70°C is from equation (2): 

175°C — 70°C 
Pp = ———____——— = 1.2 watts. 
86°C /W 
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MC75365 


RecA, THERMAL RESISTANCE CASE TO AMBIENT 


Roja, THERMAL RESISTANCE JUNCTION 
TO AMBIENT (°CAVATT) 


FIGURE 15 — TYPICAL THERMAL RESISTANCE (Rg ya) OF 
“L" PACKAGE versus AIR VELOCITY 





| | 
PACKAGE MOUNTING #1 BARNES SOCKET OR EQUIV 
#2 PRINTED CIRCUIT BOARD 
4" x6" x 0002" -202 CU 





RaJA = 100°CWATT 
Rose = 27°C WATT 


}no AIR FLOW 


0 200 400 600 800 1000 1200 1400 


AIR VELOCITY (LINEAR FEET PER MINUTE) 


Heat Sink and Forced Air Combined: 


Some heat sink manufacturers provide data and curves of 
Réca for still air and forced air such as illustrated in 
Figure 16. For example the 6012B heat sink has an 
Raca = 17°C/W at 500 LFPM as noted in Figure 15. 
From equation (3): 

Max Rajya = 50°CW + 17°C/W = 67°C/W 
From equation (2) at Ta = +70°C 


175°C — 70°C 


= 1.57 watts. 
67°C/W 


PD 


FIGURE 16 — THERMAL RESISTANCE Rgca 
versus A!R VELOCITY 





(°CMWATT) 


19 -OlP WITH THERMALLOY 
#6012B HEAT SINK OR early 


(i DIP WITH THERMALLOY 
0 
0 


| | #6007A HEAT SINK OR EQUIV 
Note from Table 1 and Figure 15 that if the 16-pin 


200 400 600 
ceramic package is mounted directly to the PC board 
(2 oz. cu. underneath), that typical Rg ja is considerably 
less than for socket mount with still air and no heat sink. 
The following procedure can be employed to determine 
the maximum power dissipation for this condition. 


800 1 
AIR VELOCITY (LINEAR FEET PER MINUTE) 





1600 







000 
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Given data from Table 1: 

typical Raya = 100°C/W 

typical Rg jc = 279C/W 
From Curve 2 of Figure 15, Raja(typ) is 75°C/W for a 
PC mount and no air flow. Then the typical Rac, is 
75°C/W — 279C/W = 48°C/W. From Table 1 the typical 
value of Rg@ca for socket mount is 100°C/W — 279C/W 
= 73°C/W. This shows that the PC board mount results 
in a decrease in typical R@ca by a ratio of 1:1.5 below 
the typical value of Reca ina socket mount. Therefore, 
the maximum value of socket mount Rgca of 100°C/W 
should also decrease by a ratio of 1:1.5 when the device 
is mounted in a PC board. The maximum Rgca be- 
comes: 

100°C/W 


R@cA = 66°C/W for PC board mount 


Therefore the maximum Rgja for a PC mount is from 
equation (3). 

Rg ja = 50°C/W + 66°C/W = 116°C/W. 
With maximum R@jA known, the maximum power dis- 
sipation can be found. If Ta = 70°C then from 
equation (2) the maximum power dissipation may be 
found to be 905 mW. 


In most cases, heat sink manufacturer’s publish only 
R@cA socket mount data. Although data for PC 
mounting is generally not available, this should present 
no problem. Note in Figure 15 that an air flow greater 
than 250 LFPM yields a socket mount R@Jja approxi- 
mately 6% greater than for a PC mount. Therefore, the 
socket mount data can be used for a PC mount with a 
slightly greater safety factor. Also it should be noted 
that thermal resistance measurements can vary widely. 
These measurement variations are due to the dependency 
of Reca of the type environment and measurement 
techniques employed. For example, Raca would be 
greater for an integrated circuit mounted on a PC board 
with little or no ground plane versus one with a sub- 
stantial ground plane. Therefore, if the maximum cal- 
culated junction temperature is on the border line of 
being too high for a given system application, then 
thermal resistance measurements should be done on the 
system to be absolutely certain that the maximum 
junction temperature is not exceeded. 


| (AA) MOTOROLA MC 75368 


DUAL MECL-to-MOS 
DRIVER 


DUAL MECL-to-MOS DRIVER 


SILICON MONOLITHIC 


ae INTEGRATED CIRCUIT 
The MC75368 is a dual MECL-to-MOS driver and interface circuit. 


The device accepts standard MECL 10,000 and IBM grounded- 
reference ECL input signals and creates high-current and high-voltage 
output levels suitable for driving MOS circuits. Specifically, it may 
be used to drive address, control, and timing inputs for several types 
of MOS RAMs. The device may also be used as a MECL-to-MTTL 
translator. 


The MC75368 is optimized for higher voltage capability. L SUFFIX 


CERAMIC PACKAGE 
CASE 632 
TO-116 
@® Dual MECL-to-MOS Driver 


@ Dual MECL-to-MTTL Driver 


@ Versatile Interface Circuit for Use Between MECL and High- 
Current, High-Voltage Systems 


FIGURE 1 — TYPICAL APPLICATION WITH 7001 1K NMOS RAM 


AO 

MC75368 ee See 
Al Output Enable 
A2 


P SUFFIX 
PLASTIC PACKAGE 
CASE 646 


MC75368 


MC75368 


A 
oS  Mc75368 
A7 


MC 75368 


AQ 


Write Enable i 
MC75368 Enable 


Data Input 


Chip Select 
MC10161 [___] MC75368 


Chip Select 


(More positive of 
Aor B) -C 


(Vip 2 150 mv) 


Input Voltage Conditions 
Differential Logic Level | Output 
Y 


(-150 mV < Vipn< Indeter- 
150 mV) minate 
(Vip <-150 mv) 


H = high logic level, L = low logic level, 


*MC3461 Dual Sense Amplifier 


X = irrelevant 
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MC75368 


MAXIMUM RATINGS (unless otherwise noted, voltages measured with respect to GND terminals, Ta = 25°C.) 


aL a (a 


Most Negative of Vcc1. Vec2, of Vecg with 
respect to Veg 




























Input Voltage -80t0 0.5 
Inter-Input Voltage(1) | 


Most negative Input Voltage with respect to Veg Vi- VEE 


Power Dissipation (Package Limitation) 


Ceramic Package @ Ta = 25°C 
Derate above Ta = 25°C 


Plastic Package @ Tp = 25°C 
Derate above Ta = 25°C 


Ceramic Package @ Tq = 25°C 
Derate above Tc = 25°C 


Plastic Package @ Tc = 25°C 
Derate above Tc = 25°C 


(1) With respect to any pair of tnputs to either of the input gates. 











RECOMMENDED OPERATING CONDITIONS 


Se 


Power Supply Voltages Vcc1 . 5.0 
Vec2 


Vec3 
Vcec3- Vec2 
VEE 


[Operanng Ambient TemperatwreRange——SCSSCSC~‘irCSSCt PP Od 
DEFINITION OF INPUT LOGIC LEVELS 

input Votage — gh Lome State (Any mpud «|< SS Td Tid 
RSE A SO I CE 
input Differential Voltage — High Lone Sate @ [Vip | 180 | iS 

Fig Osea Wao —Cow Lape sae) Wp —] 05 | =| = 


(1) The definition of these Logic Levels use Algebraic System of notation 

























(2) The input differential voltage 1s measured from the more positive inverting input (A or B) with respect to the non-inverting 
input (C) of the same gate. 
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MC75368 


ELECTRICAL CHARACTERISTICS (Unless otherwise noted, specifications apply over recommended power supply and temperature 
ranges. Typical values measured at Vccy = 5.0 V, Veg = -5.2 V, Ta = 25°C and Vcc = 20, 


Voc3 = 24 Vv.) 
| min | tye | Mex | unit 
VoH1 Vcc2-9.3 | Vcec2-0.1 














Output Voltage — High Logic State 
(Voc3 = Vec2 + 3.0 V, Vip = 
-150 mV, IoH = -100 nA) 


(Vec3 = Vec2+ 3.0 V, Vipt = 
-150 mV, IQH = -10 mA) 


(Vcc3 = Vec2. VIDL = -150 mv, 


















VOH2 Voc2-1.2 | Vec2- 0.9 Vv 







'OH = -50 HA) 
(Vece3 = Vec2, Vint = -150 mv, VOH4 Vec2-23 | Vcc2- 1.8 Vv 
1oH = -10 mA) 








Output Voltage — Low Logic State 
(Vip = 150 mV, Io = 10 mA) 
(ViIDH = 150 mV, lor = 30 mA) 

10 V < Vcoc3 < 22 V 
10V <Voc2 < 28 V 


Output Clamp Voltage 
(Vip = 500 mV, loc = 20 mA) 
Input Current — High Logic State 
(Veg = -5.72 V, Vit =-5.72 V, 
Vin = -0.7 V) 
tnput Current — Low Logic State 
(Vip = -0.7 V, Viz =-2.0 V) 
(Veg =-5 72 V, Vip = -0.7 V, 
Vit =-5.72 V) 
Power Supply Current — 
High Logic State 


VoL1 



























Both Outputs 











(Voc = 5.25 V, Voce = 22 V, 'ec1(H) 
Vec3 =26V 
VEE =~5.72V, 'CC2(H) 


VIL (A) and (B) =-20V, 
ViH(C) =-9.7 V, Igy = 0) 







'CC3(H) 
'EE(H) 















Power Supply Current — Both Outputs 
Low Logic State 
(Voc1 =5 25 V, Vec2 = 22 V, 
Voc3 = 28 V, Veg =-5.72V, 
ViH(A) and (B) =-0.7 V, 
Vitic) =-20V, IoL = 0) 






'cc1(L) 






lec2iL) 






'ec3i(L) 
TEE(L) 













Power Supply Current — Both Outputs 

High Logic State 
(Vec1 = 5.25 V, Vcc? = 22.V, ICC2(H) 
Vec3 = 22 V, Veg =-5.72 V, 


VIL(A) and (Bg) =~2.0 V, 'CC3(H) 
Vin(c) =-9.7 V, lor = 0) 










Power Supply Current — Stand By 


Condition 

(Vec1 = 9 V. Vec2 = 22 V, Iccat(s) 
Vec3 = 22 V, VeEg=O0V, 
VIH(A) and (g) =-0.7 V, 'cc3{s) 


ViLic) =-2.0 V. lot = 0) 
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MC75368 


SWITCHING CHARACTERISTICS (Untess otherwise noted, Vccq = 5.0 V, Veg = -5.2 V. Ta = 25°C and Vcc = 20 V.) 


Delay Time — Low to High Output Logic Level 
(Voc3 = 24 Vv) 
(Vec3 = 20 V) 


Delay Time — High to Low Output Logic Level 
(Voc3 = 24 V) 
(Voc3 = 20 V) 


Transition Time, Low-to-High Output Logic Level 
(Voc3 = 24 V} 
(Voc3 = 20 V) 


Transition Time, High-to-Low Output Logic Level 
(Voc3 = 24 V) 
(Vcc3 = 20 V) 





Propagation Delay Time, Low-to-High Logic Level 
(Voc3 = 24 V) 
(Vec3 = 20 V) 


Propagation Delay Time, High-to-Low Log:c Level 
(Voc3 = 24 Vv) 
(Vcoc3 = 20 V) 





FIGURE 2 — SWITCHING TIMES TEST CIRCUIT FIGURE 3 —SWITCHING TIMES WAVEFORM 


To Scope 
(input) -1.3V _»d9y 


To Scope (Output) 










Vec2 -30V 


Output 
(Vec3 = Vec2) 





DMAwarnne 


390 pF 


(Includes Probe TTLH Von 


a5 and Jig a5 Vec2 -20V 
= Capacitance) — 


Output 
The pulse generator has the (Vec3 = Vec2 + 4.0 Vv) 
following characteristics. 20V H20Vv iy 
PRR = 1 MHz. zg * 502. oe 


Duty Cycle = 50% 
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MC75368 


APPLICATIONS INFORMATION 
MODES OF OPERATION 


FIGURE 4 — POSITIVE-NOR GATE 










INPUTS _| OUTPUT 


CONFIGURATION 


H — High Level, L — Low Level, X — irretevant 
Ves — Reference Supply voltage for MECL 10,000 


FIGURE 6 — NON-INVERTING GATE 


> 
Y=c 


FUNCTION TABLE 


INPUTS _ | OUTPUT 
CONFIGURATION| A 8B C|_ Y 


A and B at VeB Ves VeB L 
Ves Ves H 


A at Vea, Veep LL 
B connected low Vep LH 
B at Veg. CL VeBpL 
A connected low L Veg H 





The need for four separate power supplies Vcc1, VCc2, 
Vccg3 and VEE can be avoided in many cases by tying 
Vcec2 to Vcc3. However, performance advantages can be 
obtained by connecting either one or both VCC3 pins to an 
additional power supply of higher voltage than Vcc2. Both 
Vcc3 pins do not have to be held at the same voltage. For 
MECL-to-TTL level converter applications both Vccg2 and 
Vccg are generally connected to a +5.0 V power source. 

By providing two out-of-phase (A and B) inputs and 
one in-phase (C) input, each gate can be used as positive 
NOR, or as a inverting or non-inverting gate. This 
flexibility is achieved by connecting an externally supplied 
MECL 10,000 Series reference supply voltage (Vgp) to 
the appropriate input as shown in Figures 4 thru 6. An 
unused out-of-phase input should be tied low or connected 
to the other out-of-phase input of the same gate. The 
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FIGURE 5 — DIFFERENTIAL MECL LINE RECEIVER 


C= A and/or B ai 
Y 
c 
yzc 
FUNCTION TABLE 
INPUTS | OUTPUT 
CONFIGURATION Y 
A and B connected 
together 
A not used but 
connected low 
B not used but 
connected low 






TFerljrst 
Cricxrjres 
Irigtgrigter 


FIGURE 7 — USE OF DAMPING RESISTOR TO REDUCE 
OR ELIMINATE OUTPUT TRANSIENT OVERSHOOT IN 
CERTAIN MC75368 APPLICATIONS 


a ee es | 





Note Rp ~ 102 to 302 (optional) 


required Vgg voltage source may be obtained from 
MECL 10,000 Series devices such as the MC10115 line 
receiver, or by connecting the output of a MECL 10,000 
gate, like the MC10102, to the respective out-of-phase 
inputs (as an example connect pins 4 and 5 to 2 of the 
MC10102 to obtain a Vgg reference voltage). 

When driven differentially, the MC75368 may be used 
as a differential MECL fine receiver, without the need for 
the Vpp reference voltage. 

Undesirable output transient overshoot due to load or 
wiring inductance and the fast switching speeds of the 
MC75368 can be eliminated or reduced by adding a.small 
amount of series resistance. The value of this damping 
resistance is dependent on specific load characteristics 
and switching speed but typical values lie in the range of 
10 to 30 ohms. This is illustrated in Figure 7. 


MMH0026 
MMH0026C 


(AA) MOTOROLA 


Specifications and Applications 
Information 


DUAL MOS 


DUAL MOS CLOCK DRIVER CLOCK DRIVER 


... designed for high-speed driving of highly capacitive loads in a 
MOS system. 
Fast Transition Times — 20 ns with 1000 pF Load 
High Output Swing — 20 Volts 
High Output Current Drive — + 1.5 Amperes 
High Repetition Rate — 5.0 to 10 MHz Depending on Load 
MTTL and MDTL Compatible Inputs 
Low Power Consumption when in MOS “0” State — 2.0 mW 
+5.0-Volt Operation for N-Channel MOS Compatibility 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


G SUFFIX 
METAL PACKAGE 
CASE 601 
TO-99 


FIGURE 1 — CIRCUIT SCHEMATIC 
(1/2 CIRCUIT SHOWN) 


(Top View) 


OUTPUT 


L SUFFIX 
CERAMIC PACKAGE 
CASE 632 
TO-116 


Vcc 

NC 
OUTPUT B 
NC 

INPUT B 
NC 

NC 


(Top View) 


TYPICAL OPERATION 
(Rg = 10 2, Cy = Cy = 1000 pF, f = 1.0 MHz, 
PW = 500 ns, Vcc = 0 V, Veg = -20 V) 


P1 SUFFIX U SUFFIX 
PLASTIC PACKAGE CERAMIC PACKAGE 

CASE 626 CASE 693 
(MMHO026C Only) 


50 VOLTS/DIV. 


INPUT B[ >] OUTPUT B 


100 ns/DIV. (Top View) 
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MMH0026, MMHO0026C 


MAXIMUM RATINGS (Ta, = +25°C unless otherwise noted.) 


Differential Supply Voltage 
Input Current 

Input Voltage 

Peak Output Current 
Junction Temperature 


Operating Ambient Temperature Range 
MMH0026 
MMHO0026C 


Storage Temperature Range 


[Symbot | Vas =i 


P00 
Vee tS 
Peel a 
Ta [Lc |} ut _} orm | % 
“§5 to +125]-55to +125, — 
0t0+70 | Ot0+70 | Oto +70 
-65 to +150]-65 to +150] -65 to +150 





ELECTRICAL CHARACTERISTICS (Vcc-Veg = 10 V to 20 V, C_ = 1000 pF, Ta = -55 to +125°C for MMHO026 and 0 to +70°C 
for MMHOO2EC for min and max values; Ta = +25°C for all typical values unless otherwise noted.) 


Symbol [Min [Typ _| 


Logic ‘1’ Level Input Voltage 
Vo = Veg + 1.0 Vde 
Logic '1'’ Level Input Current 
V, —VEE = 24 Vdc, Vo = Veg + 10 Vde 
Logic *‘0’’ Level Input Voltage 
Vo= Vcc -1.0 Vde 
Logic ‘‘0’’ Levelt Input Current 
V, —VeEgE = 0 Vde, Vo = Vec -1.0 Vde 
Logic ‘0’ Level Output Voltage 
Vcc = +5.0 Vde, Veg = -12 Vde, Vy = -11.6 Vde 
Vi —VegE = 0 4 Vde 
Logic ‘1°’ Level Output Voltage 
Vcc = +5.0 Vdc, Veg = -12 Vde, Vy = -9.6 Vde 
Vi —VeEg = 2.4 Vde 
| “On* Supply Current (Note 1) 
Voc~VeEEg = 20 Vdc, V; —VEE = 24 Vde 
“Off” Supply Current MMH0026C 
Voc—VEE = 20 Vdc, Vj -VeE= OV MMH0026 





Typ | Unit | 
ae a eae [ees 
te ee Sere le 
VOH 
A 4.3 
Vcc -0.7 
7 haw 


eile 
er Ee 
; 
Vv 
Vv 
-11.5 -11 

Vee +O.5 | Veet 1.0 

‘CCH 100 

500 


dc 
A 
dc 
uA 
de 
de 
uA 


SWITCHING CHARACTERISTICS (Voc-V_eg = 10 V to 20 V, Cy = 1000 pF, Ta = 25°C) 


Propagation Time 
High to Low (Figure 2) 
(Figure 3) 
Low to High (Figure 2) 
(Figure 3) 
Transition Time (High to Low) 
Vcec-VEE = 20 Vdc, CL = 250 pF (Figure 2) 
Voc-VEE = 20 Vdc, Cy = 500 pF (Figure 2) 
(Figure 3) 


Vec-VEE = 20 Vdc, CL = 1000 pF (Figure 2) 
(Figure 3) 


Transition Time (Low to High) 
Vcc-VEE = 20 Vde, Cy = 250 pF (Figure 2) 
Vec-VEE = 20 Vdc, Cy = 500 pF (Figure 2) 
(Figure 3) 
Vec -VEE = 20 Vdc, Cy = 1000 pF (Figure 2) 
(Figure 3) 


Note 1: Tested with one output on at a time. 
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MMH0026, MMHO0026C 


TEST CIRCUIT 


FIGURE 2 — AC TEST CIRCUIT AND WAVEFORMS 


Vv 2N2369A 
! Or Equiv 


V1 = 5.0 Vde 

PRF = 10 MHz 

PW = 0.5 ys 

tTLH = tTHL <10 ns 





FIGURE 3 — AC TEST CIRCUIT AND WAVEFORMS 


Pulse 
Generator 


CL 
PRF = 1.0 MHz 1000 pF 
PW = 0.5 us 
tTLH = tTHL < 10ns 
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MMHO0026, MMHO026C 


PW, OUTPUT PULSE WIDTH (ns) lj, INPUT CURRENT (mA) 


tp, PROPAGATION DELAY TIME (ns) 


TYPICAL CHARACTERISTICS 
(Vcc = + 20 V, Veg =0 V, Ta = +25°C unless otherwise noted.) 


FIGURE 4 — INPUT CURRENT versus INPUT VOLTAGE 
16 


feed 
ie 
(ibaa 
Ea 
Pad 
Ete 
lea) 
ar 


|__| 





Vin, INPUT VOLTAGE (V) 


FIGURE 6 — OPTIMUM INPUT CAPACITANCE 
versus OUTPUT PULSE WIDTH 


i CR Se ES ME PRED HERG GEN OR a Ma cd eae 





1200 


0 
0 200 400 600 800 1000 1400 


Cin, OPTIMUM INPUT CAPACITANCE (pF) 


FIGURE 8 — PROPAGATION DELAY TIMES 
versus TEMPERATURE 


Vcc-VEE =20V 
Cin = CL = 1000 pF 





0 -50 -25 0 +25 +50 +78 +100 9 +125 


T, TEMPERATURE (°C) 


FIGURE 5 — SUPPLY CURRENT versus TEMPERATURE 


: Pedic, Mee 
Tween | 
ec ee (a 






DUTY CYCLE = 20% 
f= 1 MHz 







co 
o 





70 








lec, SUPPLY CURRENT (mA) 


60 





+100 


-75 -50 25 0 +25 +50 +75 +125 


T, TEMPERATURE (°C) 


FIGURE 7 — TRANSITION TIMES versus LOAD CAPACITANCE 








Vec-Vees20v_| of oT tS 
ro-soe ||| | 
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CL, LOAD CAPACITANCE (pF) 
FIGURE 9— TRANSITION TIMES versus TEMPERATURE 
Vcec-VeEE =20V 
C_ = 1000 pF 
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MMH0026, MMHO026C 


t, TIME (ns) tT, TRANSITION TIME (ns) 


Pp, OC POWER DISSIPATION (mW) 


TYPICAL CHARACTISTICS (continued) 
(Voc = + 20 V, Veg = 0 V, Ta = +25°C unless otherwise noted.) 


FIGURE 10 — TRANSITION TIME versus TEMPERATURE 
FOR +5 VOLT DC-COUPLED OPERATION (See Figure 4.) 





Vcc = +45 V, f = 1 MHz, PW = 200 ns 
CL =510 pF, Cin =510 pF, Rin = 1kQ 


-55 -25 0 +25 +50 


38 


T, TEMPERATURE (°C) 


FIGURE 12 — DC-COUPLED SWITCHING RESPONSE 


versus Rijn (See Figure 4.) 











Cy = 1000 pF 
Cin = 510 pF 









4.0 60 
Rin, RESISTANCE (kQ) 





FIGURE 14 — MAXIMUM DC POWER DISSIPATION 
versus DUTY CYCLE (SINGLE DRIVER) 


TIME OUTPUT IS LOW 
DUTY CYCLE = ————______ y 
TOTAL TIME ai 





OUTY CYCLE (%)} 


RGEGRER 


| 
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Pp, AC POWER DISSIPATION (mW) 


FIGURE.11 — PROPAGATION DELAY TIME versus 
TEMPERATURE FOR +5 VOLT DC-COUPLED 
OPERATION (See Figure 4.} 


Veco=t45V, VEE=0V 


f= 1 MHz, PW = 200 ns, 
Cyr =510 pF, Cin = S10 pF, Rin = 1kKQ 


tp, PROPAGATION DELAY TIME (ns) 





~55 -25 0 +25 +50 +75 +100 +125 
T, TEMPERATURE (°C) 


FIGURE 13 — DC-COUPLED SWITCHING versus Ci, 
(See Figure 4.) 


t, TIME (ns) 





0 100 200 300 400 500 600 700 800 
Cin, CAPACITANCE (pF) 


FIGURE 15 — AC POWER DISSIPATION versus 
FREQUENCY (SINGLE DRIVER) 





10 2. 
f, FREQUENCY (MHz) 


MMH0026, MMHO0026C 


APPLICATIONS INFORMATION 


OPERATION OF THE MMH0026 


The simplified schematic diagram of MMH0026, shown 
in Figure 16, is useful in explaining the operation of the 
device. Figure 16 illustrates that as the input voltage level 
goes high, diode D1 provides an 0.7-volt ‘dead zone” 
thus ensuring that Q2 is turned “‘on’’ and Q4 is turned 
“off” before Q7 is turned “on”. This prevents undesirable 
“current spiking’ from the power supply, which would 
occur if Q7 and Q4 were allowed to be ‘‘on’”’ simul- 
taneously for an instant of time. Diode D2 prevents 
“zenering’ of Q4 and provides an initial discharge path 
for the output capacitive load by way of Q2. 


As the input voltage level goes low, the stored charge in 
Q2 is used advantageously to keep Q2“’on”’ and 04 “off” 
until Q7 is ‘off’. Again undesirable ‘‘current spiking’”’ is 
prevented. Due to the external capacitor, the input side 
of Cin goes negative with respect to VEE causing Q9 to 
conduct momentarily thus assuring rapid turn “‘off’’ 
of Q7, 


FIGURE 16 — SIMPLIFIED SCHEMATIC DIAGRAM 
(Ref.: Figure 1) 
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The complete circuit, Figure 1, basically creates Dar- 
lington devices of transistors Q7, Q4 and Q2 in the 
simplified circuit of Figure 16. Note in Figure 1 that 
when the input goes negative with respect to VEE, diodes 
D7 through D10 turn ‘’on” assuring faster turn “off” of 
transistors Q1, Q2, Q6 and Q7. Resistor R6 insures that 
the output will charge to within one Vge voltage drop 
of the Vcc supply. 


SYSTEM CONSIDERATIONS 


Overshoot: 

In most system applications the output waveform of the 
MMH0026 will ‘‘overshoot’” to some degree. However, 
“overshoot” can be eliminated or reduced by placing a 
damping resistor in series with the output. The amount 
of resistance required is given by: Rg = 2,/L/C. where 
L is the inductance of the line and CL_is the load capac- 
itance. In most cases a series of damping resistor in the 
range of 10-to-50 ohms will be sufficient. The damping 
resistor also affects the transition times of the outputs. 
The speed reduction is given by the formula: 

tTHL © tTLH = 2.2 Rg CL (Rg is the damping resistor). 
Crosstalk: 

The MMH0026 is sensitive to crosstalk when the output 
voltage level is high (Vo ~ Vcc). With the output in the 
high voltage level state, Q3 and O4 are essentially turned 
“off’’. Therefore, negative-going crosstalk will pull the 
output down until Q4 turns “‘on”' sufficiently to pull the 
output back towards Vcc. This problem can be min- 
imized by placing a ‘’bleeding” resistor from the output 
to ground. The “bleeding’’ resistor should be‘of suf- 
ficient size so that Q4 conducts only a few milliamperes. 
Thus, when noise is coupled, Q4 is already ‘‘on’’ and the 
line is quickly clamped by Q4. Also note that in Figure 1 
D6 clamps the output one diode-voltage drop above Vcc 
for positive-going crosstalk. 

Power Supply Decoupling: 

The decoupling of Vcc and VEE is essential in most 
systems. Sufficient capacitive decoupling is required to 
supply the peak surge currents during switching. At least 
a 0.1-uF to 1.0-uF low inductive capacitor should be 
placed as close to each driver package as the layout will 
permit. 

Input Driving: 

For those applications requiring split power supplies 
(VEE < GND), ac coupling, as illustrated in Figure23, 
should be employed. Selection of the input capacitor 
size is determined by the desired output pulse width. 
Maximum performance is attained when the voltage at 
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the input of the MMHO0026 discharges to just above the 
device’s threshold voltage (about 1.5 V). Figure 6 shows 
optimum values for Cin versus the desired output pulse 
width. The value for Cjp may be roughly predicted by: 
Cin = (2x 1073) (PWo). (1) 
For an output pulse width of 500 ns, the optimum value 
for Cin is: 
Cin = (2 x 1073) (500 x 10° 9) = 1000 pF. 
If single supply operation is required (VEE = GND), then 
dc coupling as illustrated in Figure24can be employed. 
For maximum switching performance, a speed-up capac- 
itor should be employed with dc coupling. Figures 12 
and 13 show typical switching characteristics for various 
values of input resistance and capacitance. 


POWER CONSIDERATIONS 


Circuit performance and long-term circuit reliability are 
affected by die temperature. Normally, both are improved 
by keeping the integrated circuit junction temperatures 
low. Electrical power dissipated in the integrated circuit 
is the source of heat. This heat source increases the 
temperature of the die relative to some reference point, 
normally the ambient temperature. The temperature in- 
crease depends on the amount of power dissipated in the 
circuit and on the net thermal resistance between the 
heat source and the reference point. The basic formula 
for converting power dissipation into junction temper- 
ature is: 


Ty = TA + Pp (Rasct+Reca) (2) 
or 
Ty= TA + Pp (Rasa) (3) 
where 
Ty = junction temperature 
TA = ambient temperature 
PD = power dissipation 
ReJC = thermal resistance, junction to case 
R@CA= thermal resistance, case to ambient 


RgJA = thermal resistance, junction to ambient. 


Power Dissipation for the MMH0026 MOS Clock Driver: 


The power dissipation of the device (Pp) is dependent 
on the following system requirements: frequency of op- 
eration, capacitive loading, output voltage swing, and 
duty cycle. This power dissipation, when substituted into 
equation (3), should not yield a junction temperature, 
Tj, greater than Ty(max) at the maximum encountered 
ambient temperature. Ty(max) is specified for three 
integrated circuit packages in the maximum ratings 
section of this data sheet. 


"G" (Metal Package) 220 


TABLE 1 — THERMAL CHARACTERISTICS 
OF “G", “L”, “P1”, AND “U” PACKAGES 


Rega (°C) 
Still Air 


: Resc (°CMW) 
PACKAGE TYPE Still Air 
(Mounted in Socket) 


TYP 


“P1" (Plastic Package) 


“U" (Ceramic Package) 


Pp, POWER DISSIPATION (WATTS) 
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“L" (Ceramic Package] 150 | 


a 


FIGURE 17 — MAXIMUM POWER DISSIPATION versus 
AMBIENT TEMPERATURE (As related to package) 
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With these maximum junction temperature values, the 
maximum permissible power dissipation at a given 
ambient temperature may be determined. This can be 
done with equations (2) or (3) and the maximum thermal 
resistance values given in Table 1 or alternately, by using 
the curves plotted in Figure 17. If, however, the power 
dissipation determined by a given system produces a 
calculated junction temperature in excess of the recom- 
mended maximum rating for a given package type, some- 
thing must be done to reduce the junction temperature. 


There are two methods of lowering the junction tem- 
perature without changing the system requirements. 
First, the ambient temperature may be reduced suf- 
ficiently to bring Ty to an acceptable value. Secondly, 
the Raca term can be reduced. Lowering the Rgca term 
can be accomplished by increasing the surface area of the 
package with the addition of a heat sink or by blowing 
air across the package to promote improved heat 
dissipation. 
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The following examples illustrate the thermal consider- 
ations necessary to increase the power capability of the 
MMHO026. 


Assume that the ceramic package is to be used at a 
maximum ambient temperature (Ta) of +70°C. From 
Table 1:R@JsA(max)= 150°C/watt, and from the max- 
imum rating section of the data sheet: Ty(max) = +175°C. 
Substituting the above values into equation (3) yields a 
maximum allowable power dissipation of 0.7 watts. Note 
that this same value may be read from Figure 17. Also 
note that this power dissipation value is for the device 
mounted in a socket. 


Next, the maximum power consumed for a given system 
application must be determined. The power dissipation 
of the MOS clock driver is conveniently divided into 
dc and ac components. The dc power dissipation is 
given by: 


Pdc = (Vcc — Vee) x (IccL) x (Duty Cycle) (4) 
Vcc — VEE 
where | = 40 mA (——————-). 
ce 20V 


Note that Figure 14 is a plot of equation (4) for three 
values of (VcC—VEE). For this example, suppose that 
the MOS clock driver is to be operated with Vcc = +16 V 
and Vege = GND and with a 50% duty cycle. From 
equation (4) or Figure 14, the dc power dissipation (per 
driver) may be found to be 256 mW. If both drivers 
within the package are used in an identical way, the total 
de power is 512 mW. Since the maximum total allowable 
power dissipation is 700 mW, the maximum ac power 
that can be dissipated for this example becomes: 


Pac = 0.7 — 0.512 = 188 mW 
The ac power for each driver is given by: 
Pac= (Vcc — VEE)? x fx CL 
where f = frequency of operation 
C._ = load capacitance (including all strays and 
wiring). 


(5) 


Figure 16 gives the maximum ac power dissipation versus 
switching frequency for various capacitive loads with 
Vcc = 16 V and Veg = GND. Under the above con- 
ditions, and with the aid of Figure 15, the safe operating 
area beneath Curve A of Figure 18 can be generated. 


Since both drivers have a maximum ac power dissi- 
pation of 188 mW, the maximum ac power per driver 
becomes 94 mW. A horizontal line intersecting all the 
capacitance load lines at the 94 mW level of Figure 15 
will yield the maximum frequency of operation for each 
of the capacitive loads at the specified power level. By 


CL, LOAD CAPACITANCE PER DRIVER (pF) 
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using the previous formulas and constants, a new safe 
operating area can be generated for any output voltage 
swing and duty cycle desired. 


Note from Figure 18, that with highly capacitive loads, 
the maximum switching frequency is very low. The 
switching frequency can be increased by varying the 
following factors: 

(a) decrease Ta 

(b) decrease the duty cycle 

(c) lower package thermal! resistance (R@JA) 


In most cases conditions (a) and (b) are fixed due to 
system requirements. This leaves only the thermal re- 
sistance R@ ja that can be varied. 


Note from equation (2) that the thermal resistance is 
comprised of two parts. One is the junction-to-case 
thermal resistance (Rgjc) and the other is the case-to- 
ambient thermal resistance (R@cA). Since the factor Ra jc 
is a function of the die size and type of bonding employed, 
It cannot be varied. However, the R@ca term can be 
changed as previously discussed, see Page 7. 


FIGURE 18 — LOAD CAPACITANCE versus FREQUENCY 
FOR “L’ PACKAGE ONLY 
(Both drivers used in identical way) 


~ 
o 
o 


A SOCKET MOUNT 
NO HEAT SINK 


B PC BOARD MOUNT 
NO HEAT SINK 
NO AIR FLOW 
SOCKET MOUNT 
NO HEAT SINK 


Ta =+70°C 


NO AIR FLOW 
SOCKET MOUNT Li) 
THERMALLOY 60128 
HEAT SINK OR EQUIV 500 LFPM 
NO AiR FLOW AIR FLOW 
E SOCKET MOUNT 
THERMALLOY 60128 
HEAT SINK OR EQUIV 
500 LFPM 
AIR FLOW 


‘600 


100 





0 20 60 80 


f, SWITCHING FREQUENCY (MHz) 


Heat Sink Considerations: 


Heat sinks come in a wide variety of sizes and shapes that 
will accomodate almost any IC package made. Some of 
these heat sinks are illustrated in Figure 19. In the 
previous example, with the ceramic package, no heat sink 
and in a still air environment,Rg@JA(max)was 150°C/W. 


For the following example the Thermalloy 6012B type 
heat sink, or equivalent, is chosen. With this heat sink, the 
Réca for natural convection from Figure 20 is 44°C/W. 
From Table 1 Rgyc(max) = 50°C/W for the ceramic 
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FIGURE 19 - THERMALLOY* HEAT SINKS 


*Manufactured by Thermalloy Co. of Texas 


package. Therefore, the new Rg ja(max) with the 6012B 
heat sink added becomes: 
R@JA(max) = 50°C/W + 44°C/W = 94°C/W. 

Thus the addition of the heat sink has reduced Rg ya(max) 
from 150°C/W down to 94°C/W. With the heat sink, the 
maximum power dissipation by equation (3) at Ta = 
+70°C is: 

Or _ 790 

Pp eee comem Aas = 1.11 watts. 
94°C/W 

This gives approximately a 58% increase in maximum 
power dissipation. The safe operating area under Curve C 
of Figure 18 can now be generated as before with the aid 
of Figure 15 and equation (5). 


FIGURE 20 — CASE TEMPERATURE RISE ABOVE 
AMBIENT versus POWER DISSIPATED USING 
NATURAL CONVECTION 


THERMALLOY #6007A 
DIP HEAT SINK OR EQUIV 


CASE TEMPERATURE RISE 
ABOVE AMBIENT TEMPERATURE (°C) 


Pp, POWER DISSIPATED (WATTS) _ 


fed 








Forced Air Considerations: 
As illustrated in Figure 21, forced air can be employed to 
reduce the R@ja term. Note, however, that this curve is 
expressed in terms of typical Rgya rather than maximum 
Raja. Maximum Rg Ja can be determined in the follow- 
ing manner: 
From Table 1 the following information is known: 
(a) R@JA(typ) = 100° CW 
(b) R@JC(typ) = 27° CW 
Since: 
RaJA = Rasc + Racca (6) 
Then: 
Raca = Rava - Rasc (7) 


Therefore, in still air 

R@CA(typ) = 100°C/W — 27°C/W = 73°C/W 
From Curve 1 of Figure 21 at 500 LFPM and eq- 
uation (7), 

R@CA(typ) = 53°C/W — 27°C/W = 26°C. 

Thus Raca(typ) has changed from 73°C/W (still air) to 
26°C/W (500 LFPM), which is a decrease in typical Raca 
by a ratio of 1:2.8. Since the typical value of RacA was 
reduced by a ratio of 1:2.8, Racal(max) of 100°C/W 
should also decrease by a ratio of 1:2.8. 

This yields an RgCA(max) at 500 LFPM of 36°C/W. 
Therefore, from equation (6): 

R@JA(max) = 50°C/W + 36°C/W = 86°C/W. 
Therefore the maximum allowable power dissipation at 
500 LFPM and Ta = +70°C is from equation (3): 

175°C — 70°C 


= ——_—_—_———__ = 1.2 watts. 
DY y86°C/W 
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FIGURE 21 — TYPICAL THERMAL RESISTANCE (Rgyja) OF As before this yields a safe operating area under Curve E 





“L" PACKAGE versus AIR VELOCITY 


#2 PRINTED CIRCUIT BOARD 
4" x6" x0 002" - 202. CU. 


RoJa = 100°C WATT 
Rese = 279CWATT 


ReJA, THERMAL RESISTANCE JUNCTION 
TO AMBIENT (°CAVATT) 


\no AIR FLOW 


0 200 400 600 800 1000 1200 


AIR VELOCITY (LINEAR FEET PER MINUTE) 


1400 


As with the previous examples, the dc power at 50% duty 
cycle is subtracted from the maximum allowable device 
dissipation (Pp) to obtain a maximum Pac. The safe 
operating area under Curve D of Figure 18 can now be 
generated from Figure 15 and equation (5). 


Heat Sink and Forced Air Combined: 


Some heat sink manufacturers provide data and curves of 
Reca for still air and forced air such as illustrated in 
Figure 22. For example the 6012B heat sink has an 
Reca = 17°C/W at 500 LFPM as noted in Figure 22. 


From equation (6): 

Max Raja = 50°C/W + 17°C/W = 67°C/W 
From equation (3) at Ta = +70°C 

175°C — 70°C 


Pp = 1.57 watts. 
? 67°C/W 


FIGURE 22 — THERMAL RESISTANCE Roca 
versus AIR VELOCITY 
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1600 
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in Figure 18. 


Note from Table 1 and Figure 21 that if the 14-pin 
ceramic package is mounted directly to the PC board 
(2 oz. cu. underneath), that typical Raya is considerably 
less than for socket mount with still air and no heat sink. 
The following procedure can be employed to determine a 
safe operating area for this condition. 
Given data from Table 1: 

typical Raya = 100°C/wW 

typical ‘Rg jc = 279C/W 
From Curve 2 of Figure 21, R@yal(typ) is 75°C/W for a 
PC mount and no air flow. Then the typical Raca is 
75°C/W — 27°C/W = 48°C/W. From Table 1 the typical 
value of Rac, for socket mount is 100°C/W — 27°C/W = 
73°C/W. This shows that the PC board mount results in 
a decrease in typical Rgca by aratio of 1:1.5 below the 
typical value of Rac, ina socket mount. Therefore, the 
maximum value of socket mount Rgca of 100°C/W 
should also decrease by a ratio of 1:1.5 when the device 
is mounted in a PC board. The maximum Rg@ca becomes: 

100°C/W 

Raca = ———— = 66°C for PC board mount 
Therefore the maximum Rg ya for a PC mount is from 
equation (6). 
Raja = 50°C/W + 66°C/W = 116°C/W. 

With maximum Rg ja known, the maximum power dis- 
sipation can be found and the safe operating area de- 
termined as before. See Curve B in Figure 18. 


CONCLUSION 


In most cases, heat sink manufacturer’s publish only 
R@CA socket mount data. Although Rgca data for PC 
mounting is generally not available, this should present 
no problem. Note in Figure 21 that an air flow greater 
than 250 LFPM yields a socket mount R@Jja approxi- 
mately 6% greater than for a PC mount. Therefore, the 
socket mount data can be used for a PC mount with a 
slightly greater safety factor. Also it should be noted that 
thermal resistance measurements can vary widely. These 
measurement variations are due to the dependency of 
R6@CA on the type environment and measurement tech- 
niques employed. For example, Rgaca would be greater 
for an integrated circuit mounted ona PC board with little 
or no ground plane versus one with a substantial ground 
plane. Therefore, if the maximum calculated junction 
temperature is on the border line of being too high for a 
given system application, then thermal resistance measure- 
ments should be done on the system to be absolutely 
certain that the maximum junction temperature is not 
exceeded. 
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FIGURE 23 —AC-COUPLED MOS CLOCK DRIVER 


Two-Phase 
Clock to 
Shift Registers 


MTTL 
MC7400 
Series Gates 
VeE=-12V 


Pins not shown are not connected. 





FIGURE 24 — DC-COUPLED RAM MEMORY ADDRESS 
OR PRECHARGE DRIVER (POSITIVE-SUPPLY ONLY) 


To Address 
Lines On 

1103 Type 
Memory System 


Or Equiv 


MTTL 
MC7400 
Series Gates = 


Pins not shown are not connected. 
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Temperature Range 


Commercial 


AM26LS31 
DS8641 


MC8T13/ 
8T23 


MC8T14/ 
8T24 


MC26S10/11 
MC75S110 
MC1411, 

12, 13, 16* 
Mc1472 
MC1488 
Mc1489, A 
MC3437 
MC3438 © 


MC3440A/ 
41A/43 


MC3446A 
MC3447 
MC3448A 
MC3450/52 
MC3453 
MC3481/85 
MC3486 
MC3487 
MC3488A, B 
MC3490/94 
MC3491/92 


MC75107/108 
MC75125/127 
MC75128/129 


MC75140P1 
MC75325 
MC75450 


MC75451-454 
MC75461-464 
MC75491/92 

SN75431/432 


SN75451BP- 
454BP 


*Industrial 


Military 


DRIVERS/RECEIVERS 


Quad RS-422 Line with 3-State Outputs oeonvneeveee eon eoeeeeee 
Quad Unified Transceiver ....... ccc ccc cervevcccnenes 


Dual Line Drivers ...... 


Triple Line Receivers with Hysteresis .... 
Quad Open-Collector Bus Transceivers 
Dual Line Driver ....... 


Peripheral Driver Arrays 


. 


Dual Peripheral Positive ‘‘NAND” Driver........... 
Quad MDTL Line Driver ........ 


Quad MDTL Line Receivers ... 
Hex Bus Receiver ...... 


Quad Bus Transceiver .. 


Quad Interface Bus Transceivers ....... 
Quad General Purpose Interface Bus Tranceiver . . 


opeeeeeee 


Bidirectional Instrumentation Bus Transceiver ...... 
Quad 3-State Bus Transceiver ..... 


Quad MTTL Compatible Line Driver ..... : 
MTTL Compatible Quad Line Driver ........2ecee0> 


Quad Single Ended Line Driver ..... 
Quad RS-422/423 Line Receiver... 
Quad Line Driver with 3-State Outputs 
Dual RS-423/232C Drivers . 


7-Digit Gas-Discharge Display Drivers .. 


8-Segment Visual Display Drivers .... 


Dual Line Receivers 
7-Channel Line Receivers 
8-Channel Line Receivers 


Dual Line Receiver ...... 


Dual Memory Drivers 


Dual Peripheral Positive ‘““AND’’ Driver ... 


Dual Peripheral Drivers .......cccccccccccaccsescvece 
Dual High-Voltage Peripheral Drivers ........cccesccecees 
Multiple Light-Emitting Diode Drivers 
Dual Peripheral Drivers ... 


Dual Peripheral Drivers .. 


eoeoaeteeeevereee eevee 


5-19 


5-25 
5-29 
5-32 
5-38 


5-44 


5-47 


5-50 
5-54 
5-57 
5-63 
5-68 
5-75 
5-79 
5-80 
5-83 
5-87 
5-90 
5-96 
5-103 
5-108 
5-112 
5-116 
5-120 
5-126 
5-131 
5-135 
5-140 
5-146 


5-147 


(AA) MOTOROLA 


QUAD RS-422 LINE DRIVER 
WITH THREE-STATE OUTPUTS 


QUAD LINE DRIVER WITH NAND ENABLED Seca, as ee 
THREE-STATE OUTPUTS AT a 


The Motorola AM26LS31 is a quad differential line driver 
intended for digital data transmission over balanced lines. It meets 
all the requirements of EIA Standard RS-422 and Federal Standard 
1020. 
The AM26LS31 provides an enable/disable function common to 
all four drivers as opposed to the split enables on the MC3487 
RS-422 driver. } 
16 


The high impedance output state is assured during power down. 


Full RS-422 Standard Compliance : 
D SUFFIX 


Single +5 V Supply CERAMIC PACKAGE 

Meets Full Vo = 6.0 V, Vcc = 0 V, Iq < 100 HA Requirement CASE 620 

Output Short Circuit Protection 

Complementary Outputs for Balanced Line Operation 

High Output Drive Capability 

Advanced LS Processing P SUFFIX 


PNP Inputs for MOS Compatibility PLASTIC PACKAGE 
CASE 648 


PIN CONNECTIONS 


DRIVER BLOCK DIAGRAM 
Non-tInverting 


input C 


inverting - 
TRUTH TABLE 


Enable Control Non-Inverting Inverting 
Output Inputs Output Output 
Controls (E/E) 


Enable H/L H L 
H/L L H 
L/H z Zz 

L = Low Logic State 

H = High Logic State 

X = Irrelevant 

Z = Third-State (High Impedance) 





AM26LS31 







*ABSOLUTE MAXIMUM RATINGS 





| _srmbot | vane | 
Vi 
Vv 


Power Supply Voltage es a ee ee 
input Voltage pss [vee 
f songe70 5. | 

c 









Operating Ambient Temperature Range 0 to +70 
TJ 


Operating Junction Temperature Range 
175 
150 


Ceramic Package 


Plastic Package 
*“Absolute Maximum Ratings’ are those values beyond which the safety of the device cannot 
be guaranteed. They are not meant toimply that the devices should be operated at these limits 
The ‘Table of Electrical Characteristics’ provides conditions for actual device operation 





Storage Temperature Range 


ELECTRICAL CHARACTERISTICS (Unless otherwise noted specifications apply 4.75 V< Vcc < 5 25 V and 0°C < Ta < 70°C. 
Typical values measured at Vcc = 5.0 V, and Ta = 25°C.) 


Input Voltage — Low Logic State 


Input Voltage — High Logic State 

Input Current — Low Logic State 
(ViL=04V) 

Input Current — High Logic State 
(Vin = 2.7 V) 
(Vi =70V) 


Input Clamp Voltage 
(IK = -18 mA) 


Output Voltage — Low Logic State 
(lot = 20 mA) 

Output Voltage — High Logic State Vv 
(loH = -20 mA) 


Output Short-Circuit Current 
(Vin = 2.0 V) 2 
Output Leakage Current — Hi-Z State 
(Vo_ =905 V, ViL(e) =08V, Vin(E) = 20 V) 
(VOH =2.5 V, ViL(E) = 0.8 V, VIH(E) = 2.0 V) 
Output Leakage Current — Power OFF 
(VoH 76.0 V, Voc = 0 V) 
(VoL * -0.25 V, Vcc = 0 V) 


Output Offset Voltage Difference! 
Output Differential Voltage 1 


Output Differential Voltage Difference 1 


Power Supply Current 
(Output Disabled)3 





1. See EIA Specification RS-422 for exact test conditions. 
2. Only one output may be shorted at a time. 
3. Circuit in three-state condition. 


SWITCHING CHARACTERISTICS (Vcc = 5.0 V, Ta = 25°C unless otherwise noted.) 
Characteristic 
Propagation Delay Times 


High to Low Output tPHL 
Low to High Olitput tPLH 


Output Skew a 


Propagation Delay — Control to Output 
(CL =10 pF, Ru = 75 Q to Gnd) tPHZ(E) 
(CL = 10 pF, RL, = 180 2 to Vcc) tPLZ(E) 
(Cy =30 pF, RL = 75 2 to Gnd) tPZH{(E) 
(CL = 30 pF, RL = 180 & to Vcc) tPZL(E) 





AM26LS31 





FIGURE 1 — THREE-STATE ENABLE TEST CIRCUIT 
AND WAVEFORMS 


30 V or Gnd To Scope 
To Scope (input) Input Output 


Pulse generator characteristics Open for tpz2H(E) Test Only 
29 = 502 


PRR S 10 MHz 


Non-Inv 
50% Duty Cycle 


Output 
tTLH. tTHL S 6 ns 


a 


Pulse 


75 = 
Generator 


Ry, — See Test Table 
C._ Includes Probe and Jig Capacitance. See Test Table 


Control Contol 
Input 
Input 
(Enable) easels) 
. t 
Ces PZL(E) 


3.0 V 


Output 
Output 


tPZH(E) 
tPLZ(E) Output 
Output 


FIGURE 2 — PROPAGATION DELAY TIMES INPUT TO hits 
OUTPUT WAVEFORMS AND TEST CIRCUIT Ferner 


Scope 
(Input) 


Pulse 
Generator Non:iny 
Output 
Pulse generator characteristics 
Zo = 502 
PRR S10 MHz 
50% Duty Cycle 


O 3.0V 
Enable 


C__ Includes Probe and Jig Capacitance 
tTLH tTHL S 6 Ms 


Input 


Output 


'PLH 


Output 





(AA) MOTOROLA DS8641 


QUAD UNIFIED TRANSCEIVER 
QUAD UNIFIED BUS 
Consists of four pair of drivers and receivers with the output of TRANSCEIVER 

each driver connected to the input of its mating receiver. These 
devices are intended for use in bus organized data transmission 
system employing terminated 120 22 lines. A disable function con- 
sisting of a two-input NOR gate is provided to control all four 
drivers. Up to 27 driver/receiver pairs can share a common line. 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


Receiver Input Threshold Is Not Affected by Temperature 

Open Collector Driver Outputs Allow Wire-OR 

TTL Compatible Receiver Outputs and Disable and Driver Inputs 

Driver Propagation Delay = 15 ns 

Receiver Propagation Delay = 20 ns 

Guaranteed Minimum Bus Noise Immunity = 0.6 V JSUFFIX 


Low Bus Terminal Current (Supply On or Off) = 30 uA typ CERAMIC PACKAGE 
CASE 620 


+5.0 V FIGURE 1 — TYPICAL APPLICATION 


180 1202 Data Bus : ; 
mee N SUFFIX 
= 1/6 1/4 1/4 PLASTIC PACKAGE 
MC3437 ps2641 IDS8641 CASE 648 


To Computer or Peripherals 


TRUTH TABLES PIN CONNECTIONS 


RECEIVER SECTION PHIVER SECON 


Vin(R) > 1.7 V 
VittR) <1.3V 


Where L = Low Logic State 
H = High Logic State 


Plastic 
Ceramic 





DS8641 














Receiver Input Threshold Voltage — High Logic State 1.70 
(ViL(D) = 0.8 V, loL(R) = 16 MA, VoL(R) S04 V) 

Receiver Input Threshold Voltage — Low Logic State VIHL(R) 1.30 
(VIL(D) = 0.8 V, IoH(R) = -400 ZA, Voir) = 2.4 V) prt 





Disable Input Current — High Logic State 
(ViH(D) = 2-4 V, VIH(DA) = 2.4 V) 
(Vin(D) = 5-5 V, ViH(DA) = 5.5 V) 


Driver Input Current — High Logic State 
























BA 
30 100 
2.0 100 











_ a 
(ViH(DA) = 2-4 V, VIH(D) = 2.4 V) 
(Vin (DA) = 9-5 V. Vin(D) = 9.5 V) 
Driver Input Current — Low Logic State Nt(D) 

(ViL(D) = 0.4 V, ViL(DA) = 0.4 V) 
Bus Current , 'Bus 

(Vcc = 5.25 V) 

(Vcc =0V) 
Receiver Output Voltage — High Logic State VoOHIR) 

(VIL(DA) = 9.8 V, Vit(D) = 0.8 V. ViL(Bus) = 95 V, 
Receiver Output Voltage — Low Logic State VoLiR) 

(ViL(DA) = 98 V, ViL(D) = 9.8 V, Vin(BUS) = 4.0 V, 

1OL(R) = 16 mA) 

Power Supply Current loc 

(ViL(DA) = 9, Vin(D) = 2.0 V) 
Input Clamp Diode Voltage — (Ta = 25°C) vi 

((DA) = '1(D) = !BUS = -12 MA) 
NOTE 1: Only one output at a time 


Disable Input Current — Low Logic State NLIDA) 

(Vit (DA) = 0.4 V, VIL(D) = 0.4 V) 

(VIL(DA) = 08 V, Vit(D) = 08, ViH(BuUs) = 4-0 V) 
Bus Voltage — Low Logic State VL(Bus) 

(Vit (DA) = 9.8 V, VIH(D) = 2.0 V, IgUs = 50 mA) 

lOH(R) = ~400 HA) eal 
Receiver Output Short Circuit Current (Note 1) Jos(R) 

(ViL(DA) = 9.8 V, ViL(D) = 0.8 V, ViL(Bus) = 0.5 V, 

Voc = 5.25 V) 





SWITCHING CHARACTERISTICS (T, = 25°C, Vcc = 5.0 V unless otherwise noted.) 


BS 
oalmeiace oT ee ie PY 
High Logic Level Output 
aria | 
Low Logic Level Output 
Pimtmeteetoume PT 
High Logic Level Output : 







Low Logic Level Output ' 
High Logic Level Output 
Low Logic Level Output 






DS8641 


FIGURE 2 — DRIVER AND DISABLE TEST CIRCUIT AND WAVEFORMS 






























To Scope To Scope 3V 
(Input) (Output) Disable 
input 15 V 
(DA) OV 
VoH 
Output 15V 
Vou 
tPLH(DA) tPHL(DA) 
Pulse 
Generator 
. Driver 
Oisable 1/4 DS8641 Input 
Inputs (D) 
200 
Output 
FIGURE 3 — RECEIVER TEST CIRCUIT AND WAVEFORM 
To Scope To Scope 
(Input) (Output) +5.0V 
‘ ’ 3V 
Driver Receiver Input 
(R) 
Input ov 
Vou 
Pulse 1N916 or Output 
Generator Equiv 
Vou 
TPHLI(R) 
Inputs = ~ 
REPRESENTATIVE CIRCUIT SCHEMATIC 
(1/4 Shown) 
O Bus 
Vec O 
Driver R19 
Input 
Q20 
06 
Receiver 
Output 
Disable 


Inputs 


Gnd O 
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(AA) MOTOROLA 


DUAL LINE DRIVERS 


The MC8T13 and MC8T23 are designed to drive transmission 
lines with impedances of 50 22 to 500 Q. The MC8T23 specifically 
meets al! of the input/output requirements of the 1BM System 
360/System 370 specifications (IBM Specification GA 22-6974-0). 


High Output Drive Capability — 
10 = -75 mA (Min) @ Vo = 2.4 V — MC8T13 
19 = -59.3 MA (Min) @ Vo = 3.11 V — MC8T23 
High Speed Operation — 
tPLH = tPHL = 20 ns (Max) with 50 2 Load 
MTTL and MDTL Compatible Inputs 
Uncommitted Emitter Output Structures Permit Party-Line 
Operation 
Designed to Operate with MC8T14 or MC8T24 Line Receivers 
Outputs are Short-Circuit Protected 


Equivalent to SN75121 and SN75123 Respectively. 


TYPICAL APPLICATION 


1/2 MC8T13 
or 
1/2 MC8T23 


1/3 MC8T 14 
or 
Coaxial 1/3 MC8T24 


Cable 


MC8T13 
MC8123 


DUAL LINE DRIVERS 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


(top view) 


16 
1 
L SUFFIX 


CERAMIC PACKAGE 
CASE 620 


P SUFFIX 
PLASTIC PACKAGE 
CASE 648 


PIN CONNECTIONS 


All Other L 
Combinations 
H = High Logic State 


L = Low Logic State 
X = Irrelevant 








*‘MC8T13, MC8T23 


MAXIMUM RATINGS (Ta = +25°C unless otherwise noted.) 






Power Dissipation @ T, = +25°C 1000 
Derate above 25°C 6.7 mWw/°C 


Storage Temperature Range -65 to +150 








ELECTRICAL CHARACTERISTICS (Unless otherwise noted, 4.75 V <Vcc <5.25 V and 0°C <Tp < 75°C) 


Input VoJtage — Low Logic State 
Input Voltage — High Logic State 


Input Current — Low Logic State 
(Vit = 0.4 V) : 


Input Current — High Logic State 
(Vip = 4.5 V) 
(Vin = 5.5 V, Voc = 5.0V) 


Input Clamp Voltage , 
(I) = -12mA, Voc = 5.0 V) 
Output Voltage — High Logic State 
(Vin = 2.0 V, lon = -75 mA) 
(Vec= 5.0V, Vin = 2.0 V, Igy = -59.3 mA} 
(Ta = 25°C) 
Output Current — High Logic State 
(Vin = 4.5 V. Vcc = 5.0 V, Vo = 2.0 V, Ta = 25°C) 
Output Current — Low Logic State 
(Vit =O8V, Vo =0.4V) 
(Vit = 0.8 V, Vo = 0.15 V) 
Output Reverse Leakage Current — Low Logic State 
(Vit = OV, Vo = 3.0 V) 
(Vit = OV, VQ = 3.0V,Vec=0V) 
Output Short-Circuit Current 
(Vin = 4.5 V, Voc = 5.0 V, Vo = OV, Ta = 25°C) 
Power Supply Currents 
(I9 = OMA) 
Outputs — Low Logic State, Vj_ = 0.8 V 
Outputs — High Logic State, Vjpy = 2.0 V 


Propagation Delay Time — Low to High Level Output 
(Ru = 372,C_ =,15 pF) 
(Rv = 37 2, Cy = 1000 pF} 
(Ru = 502, Cy = 15 pF) 
(RL = 50 2,C_= 100 pF) 


Propagation Delay Time — High to Low Level Output 
(Ru = 37 2,Cz = 15 pF) 
(RL = 37 2, Cy = 1000 pF) 
(Ry = 502, CL = 15 pF) 
(RL = 50 2, CL = 100 pF) 





5-10 


MC8T 13, MC8T23 


FIGURE 1 — SWITCHING TEST CIRCUIT AND WAVEFORMS 


To Scope To Scope tTLH 5.0 ns tru, <5 Ons 


(Input) ny (Output) 3V 


Input 


ov 


Vv 
Pulse OH 
Generator Output 


“CL VoL 







“Cr Includes Jig 
Capacitance = 





Input Pulse Width 
200 ns, 50% Duty Cycle 


FIGURE 2 — REPRESENTATIVE SCHEMATIC DIAGRAM 
(1/2 Shown) 


Inputs 


FIGURE 3 — TYPICAL OUTPUT CURRENT 
versus OUTPUT VOLTAGE 


!g, OUTPUT CURRENT (mA) 





Vo, OUTPUT VOLTAGE (VOLTS) 


5-11 





(M\) MOTOROLA MC8T14 
MC8T24 


TRIPLE LINE RECEIVERS 
WITH HYSTERESIS 


SILICON MONOLITHIC 


INTEGRATED CIRCUIT 
TRIPLE LINE RECEIVERS WITH HYSTERESIS 


... specifically designed to meet the input/output specifications for 16 

IBM 360/370 Systems (IBM specification GA 22-6974-0). Each | isnuiaal 
receiver incorporates hysteresis to provide high noise immunity and 

also high input impedance to minimize loading on the related driver. 


Each Channel Can Be Independently Strobed 
High Speed — tpLH = tpHL = 20ns 


Input Gating Provided on Each Line rn 
Operates on a Single +5.0 V Power Supply CERAMIC PACKAGE 


Fully Compatible with MTTL or MDTL Logic Systems CPee e28 P SUFFIX 


Input Hysteresis Results in High Noise !mmunity PLASTIC PACKAGE 
CASE 648 


PIN CONNECTIONS 


Gate 
Input 1A 


Gate 
Input 2A 


Receiver 
Input B 


Strobe 
Input B 


TYPICAL APPLICATION 
Gate 


Input 1B 


Gate Strobe 
1/2 MC8T13 Input 2B Input C 
or 


1/2 MC8T23 Output Receiver 


Input C 
1/3 MC8T14 
or 
Coaxial 1/3 MC8T24 
Cable 


x 
H 
x 
L 
x 
L 


L = Low Logic State 
H = High Logic State 
X = Don't Care 





Where: 





5-12 


MC8T14,MC8T24 


MAXIMUM RATINGS (Ta = 25°C unless otherwise noted.) 
Rating 








Symbol 


i 


Power Supply Voltage 


Receiver Input Voltage VR) 7.0 
(Voc = 0) 6.0 


2100 


1000 mw 
6.7 mW/°C 
830 mW 
6.7 mW/°C 
Junction Temperature 
Ceramic Package 


eo aoe 
175 
Plastic Package 150 


Strobe or Gate Input Voltage 
Output Voltage ' 
Output Current ! 


4 < 


Power Dissipation (Package Limitation) 
Ceramic Package 
Derate above 25°C 
Plastic Package 
Derate above 25°C 






a 













Operating Ambient Temperature Range Ta 
Storage Ternperature Range ~65 to +150 


ELECTRICAL CHARACTERISTICS (Unless otherwise noted, 4.75 < Vcc < 5.25 V and O°C < Ta < 75°C) 


: MC8T 14 
Characteristic Symbol 


Gate or Strobe Input Voltage — High Logic State ViH(G) or (S) 
Gate or Strobe Input Voltage — Low Logic State ViIL(G) or {S) 






i 
a 














Receiver Input Voltage — High Logic State VIHI(R) 
Receiver Input Voltage — Low Logic State ViLIR) 


Receiver Input Hysteresis (1) VHIR) 
(Vcc = 5.0 V, Ta = 25°C, ViL(G) = 9, Vin(s) = 4-5 V) 


Input Clamp Voltage VICIG) or (S) 
(Voc = 50V, Ta = 25°C, I = -12 mA) (Strobe or Gate Inputs) 


Input Breakdown Voltage VIG) or (S) 
(Vcc = 5.0 V, ly = 10 mA) (Strobe or Gate Inputs) 


Receiver Input Current — High Logic State 





NHIR) 







(Vin(R) = 38V) 
(Vin(R) = 3.11 V) 
(ViIH(R) = 70V) 








(Vin(R) = 6.0 V, Veo = 0V) 
Gate or Strobe Input Current — High Logic State 
(Vin(s) = 4.5 V, Vinn(R) = 3-11 V) 

(Vinn(G) = 4.5 V) 


(VIL(G) or (S) = 9.4 V, VILIR) = OV) 
Output Voltage — High Logic State 
(Vin(R) = 29V, Vin(s) = 2.0 V, Vit(g) = 0.8 V, Igy = -800 HA) 
(ViniR) = 98 V, ViL(sy = 98 V, Vit(g) = 0.8 V, lon = -800 ZA) 
(ViniR) = 1-7 V. Vin(s) = 2.0 V, ViL(G) = 0.8 V, lon = -800 HA) 


(ViniR) = 0.7 V, Vit(s) = 0.8 V, Vit(G) = 0.8 V, lon = -800 uA) 
Output Voltage — Low Lugic State 
(Vit(R) = 0.8 V, Vins) = 2.0 V. Vitig) = 98 V, Ioy = 16 mA) 
(ViL(R) = 9.8 V, Vit(s) = 0.8 V, Ving) = 2.0 V, lot = 16 mA) 
(Vit(R) = 9.7 V, Vinisy = 2-0 V. Vit(g) = 0.8 V, lo_ = 16 mA) 
(ViL(R) = 0.7 Va Vittsy = 0.8 V. Vin(G) = 20 V. lot = 16 mA) 
Output Short-Circuit Current (2) 
(Vin(R) = 3.8 V. Vitig) = 0 V. Vitis) = 0, Voc = 5.0 V, Ta = 25°C) 

(Vin(R) = 3.11 V, Vit (gy = OV. Vitis) = OV. Vcc = 5.0 V, Ta = 25°C) 


Power Supply Current Icc 
(Vcc = 5.25 V, Ta = 25°C) 


(1) The Input Hysteresis is defined as the difference the input voltage at which the output begins to go from the high logic state to the low logic 
state and the input voltage which causes the output to begin to go from the low logic state to the high logic state. 






'NH(G) or (S) 






















< < 
nt = 







(2) Only one output may be shorted at a time. 





MC8T14,MC8T24 ~, 


SWITCHING CHARACTERISTICS (Vcc = 5.0 V, Ta = 25°C unless otherwise noted.) 


Symbol 


Propagation Delay Time — Receiver Input to High Logic State Output ' tPLH(R) f - | 
Propagation Delay Time Receiver Input to Low Logic State Output tPHL(R) | = | 
Propagation Delay Time Strobe Input to High Logic State Output tPLH(S) ieee 













Propagation Delay Time Strobe Input to Low Logic State Output tPHL(S) 


Propagation Delay Time Gate Input to High Logic State Output tPLHIG) 


Propagation Delay Time Gate Input to Low Logic State Output tPHL(G) 


FIGURE 1 — RECEIVER PROPAGATION DELAY TIMES tp, _y4(R) and tpHL (R) TEST CIRCUIT AND WAVEFORMS 


To Scope To Scope 
(Input) (Output) 


2.6V trLH <5O0ns trHL < 5.0 ns 










84.5 2 


1N916 Py 
or equiv 
Vou 
Pulse Output 
Generator Vor 
tPHL(R) tPLH(R) 
> Ge Input Pulse Width = 200 ns 
Duty Cycle = 50% 
FIGURE 2 — GATE AND STROBE PROPAGATION DELAY TIME TEST CIRCUIT AND WAVEFORMS 
S To Scope 
To Scope 
To Scope, (Gate) +5.0 V (Output) Det 
(Strobe) 


ing16 $84.5 
or equiv 


Pulse 
Generator 


Pulse = 
Generator 


Strobe 
Input 


Gate 
Input 


tPHL(S) 
15V 


Output 





Input Pulse Width = 200 ns 
Duty Cycle = 50ns 
tyLH = trHL © 5.0ns 
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MC8T14,MC8T24 


FIGURE 3 — TYPICAL RECEIVER HYSTERESIS 
CHARACTERISTIC FIGURE 4 — HYSTERESIS TEST CIRCUIT 


Veco = 5.0 V 
Ta = 25°C Oo 






° Vcc = 5.0V 
SPECIFIED HYSTERESIS = 
THRESHOLD 
LIMITS 
MC8T24 


Curve Tracer 
Receiver Tektronix 575 or equiv 


Vg, OUTPUT VOLTAGE (VOLTS) 





Vt, INPUT VOLTAGE (VOLTS) 


REPRESENTATIVE CIRCUIT SCHEMATIC 
O Strobe Input 
1/3 Shown 


Receiver Input O 





Inputs 
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(AA) MOTOROLA 


QUAD OPEN-COLLECTOR BUS TRANSCEIVERS 


These quad transceivers are designed to mate Schottky TTL or 
NMOS logic to a low impedance bus. The Enable and Driver inputs 
are PNP buffered to ensure low input loading. The Driver (Bus) out- 
put is open-collector and can sink up to 100 mA at 0.8 V, thus the 
bus can drive impedances as low as 100 92. The receiver output is 
active pull-up and can drive ten Schottky TTL loads. 

An active-low Enable controls all four drivers allowing the outputs 
of different device drivers to be connected together for party-line 
operation. The line can be terminated at both ends and still give 
considerable noise margin at the receiver. Typical receiver threshold 
is 2.0 V. 

Advanced Schottky processing is utilized to assure fast propaga- 
tion delay times. Two ground pins are provided to improve ground 
current handling and allow close decoupling between Vcc and 
ground at the package. Both ground pins should be tied to the 
ground bus external to the package. 


Driver Can Sink 100 mA at 0.8 V (Max) 
PNP Inputs for Low-Logic Loading 
Typical Driver Delay = 10 ns 

Typical Receiver Delay = 10 ns 


Schottky Processing for High Speed 


inverting Driver — MC26S10 
Non-Inverting — MC26S11 


TYPICAL APPLICATION 


Enable Enable 


Driver 
Inputs 


Driver 
Inputs 


MC26S10/ 
11 


MC26S10/ 
11 


Receiver 
Outputs 


Receiver 
Outputs 


Driver 
Inputs 


Driver 

Inputs 

MC26S10/ MC26S10/ 
11 11 


Receiver 
Outputs 


Receiver 
Outputs 


Enable 








MC26S10 
MC26S11 v4 


QUAD OPEN-COLLECTOR 
BUS TRANSCEIVERS 


SCHOTTKY 
SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


L SUFFIX 
CERAMIC PACKAGE 
CASE 620 


P SUFFIX 
PLASTIC PACKAGE 
CASE 648 


PIN CONNECTIONS 


Receiver 
PuEpUt aL3 | 


Input D 
Receiver 





= Low Logic State 
= High Logic State 


L 

H 

X = Irrelevant 

Y = Assumes condition controlted 
by other elements on the bus 


MC26S10, MC26S11 


MAXIMUM RATINGS (Ta = 25°C unless otherwise noted ) 
Power Supply Voltage 
Input Voltage Vde 
Input Current mA 
Output Voltage — High !mpedance State Vv 
Output Current—Bus mA 
30 

Cc 

Cc 

Cc 


Output Current—Receiver } 30 fm AY 
Operating Ambient Temperature Ta 
Storage Temperature -65 to +150 


Junction Temperature 
Ceramic Package 
Plastic Package 





ELECTRICAL CHARACTERISTICS (Unless otherwise noted Vcc = 4 75 to 5.25 V and Ta = 0 to +70°C. 
Typical values measured at Vcc = 5.0 V and Ta = 25°C.) 





Characteristic 
Input Voltage — Low Logic State 


(Driver and Enable Inputs) 


tnput Voltage ~ High Logic State 
(Driver and Enable tnputs) 


Input Clamp Voltage 
(Driver and Enable Inputs) 
(1y«¢ = -18 mA) 
Input Current — Low Logic State 
(ViL = 0.4 V) 
(Enable Input) 
(Driver Inputs) 
Input Current ~ High Logic State (Vip = 2.7 V) 
(Enable Input) 
(Driver Inputs) 





N 
oO 
> 


§ 
> 


Input Current — Maximum Voltage 
(Vin1 = 5.5 V) 
(Enable or Driver Inputs) 
Driver Output Voltage — Low Logic State 
(lot = 40 mA) 
(lo = 70 mA) 
(lo = 100 mA) 
Driver (Bus) Leakage Current 
(VOH = 4.5 V) 
(VoL =08V) 
Driver (Bus) Leakage Current 
(Voc = OV, Von = 4.5 V) 
Receiver tnput High Threshold 
(ViH(E) = 2.4 V) 
Receiver Input Low Threshold 
(VIH(E) = 2.4 V) 
Receiver Output Voltage — Low Logic State 
(lot = 20 mA) 
Receiver Output Voltage — High Logic State 
(lon = -1.0 mA) 


Receiver Output Short-Circuit Current (Note 1) 


Power Supply Current — Output Low State 
(Vit(E) =9V) MC26S10 
MC26S11 


NOTE 1: One output shorted at atime Duration not to exceed 1.0 second 


= 


.= 


3/3 
> 


on~ 
oo 
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MC26S10, MC26S11 


SWITCHING CHARACTERISTICS (Vcc = 5.0 V, Ta = 25°C unless otherwise noted.) 


Propagation Delay Time 
Driver Input to Output tPLH(D) 


tPHL(D) 


Propagation Delay Time 
Enable Input to Output 


Propagation Delay Time 
Bus to Receiver Output tPLH(R) 


tPHL(R) 





SWITCHING WAVEFORMS AND CIRCUITS 


FIGURE 1 — DATA INPUT TO BUS OUTPUT (DRIVER) 






























Vec 
30V To Scope 
Driver (Input) 
Input To Scope 
ov (Output) 
Vv 
Oriver me pulse ies 
Output Generator ee 
Vv and J1g 
OL capacitance) 
FIGURE 2 — ENABLE INPUT TO BUS OUTPUT (DRIVER) 
Vcc 
30V To Scope 
a (Input) 
Enable 
Input 
ov To Scope 
(Output) 
VOH 
Driver 50 pF 
Pulse (Includes 
Sutput Generator Probe 
VoL and j19 
capacitance) 
FIGURE 3 — BUS INPUT TO RECEIVER OUTPUT 
Vv Vv 
cc To-Scope cc 
VOH (Output) 
Driver 1N916 280 
* Output oF , 


Equivalent 
(input) VoL 2 


To - 15 pF (Total) 
Scope ale 
VOH (Input) 
Receiver 


Output : Vo, 





VOL Pulse 


Generator 





5-18 


(AA) MOTOROLA 


MONOLITHIC DUAL LINE DRIVERS 


The MC75S110 dual line driver features independent 
channels with common voltage supply and ground termi- 
nals. Each driver circuit provides a constant output current 
that switches to either of two output terminals subject to 
the appropriate logic levels at the input terminals. Output 
current can be switched “off’’ (inhibited) by appropriate logic 
levels at the inhibit inputs. Output current is nominally 
twelve milliamperes for the MC75S110. 

The inhibit feature permits use in party-line or data-bus 
applications. A strobe or inhibitor, common to both drivers, 
is included to increase driver-logic versatility. With output 
current in the inhibited mode, IQ(off) is specified! so that 
minimum line loading occurs when the driver is used in a 
party-line system with other drivers. Output impedance of 
the driver in inhibited mode is very high (the output 
impedance of a transistor biased to cutoff). 

All driver outputs have a common-mode voltage range 
of ~3.0 volts to +10 volts, allowing common-mode voltage 
on the line without affecting driver performance. 


@ Insensitive to Supply Variations Over the Entire 
Operating Range 
MTTL Input Compatibility 
Current-Mode Output (12 mA Typical) 
High Output Impedance 


High Common-Mode Output Voltage Range 
(-3.0 V to +10 V) 


Inhibitor Available for Driver Selection 


INHIBIT 


INPUT 
OUTPUTS —— OUTPUTS 


Veco 1Y 12 VEE oD 


DUAL LINE DRIVERS 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


L SUFFIX 
CERAMIC PACKAGE 
CASE 632 
(TO-116) 


1 


P SUFFIX 
PLASTIC PACKAGE 
CASE 646 
(TO-116) 


TRUTH TABLE 


Low output represents the ‘‘on”’ state 
High output represents the “‘off’’ state 


TA 1B 1¢c 2C 2A 2B GND 
LOGIC INHIBIT LoGICc 
INPUTS INPUTS INPUTS 
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MC75S110 


MAXIMUM RATINGS (Ta = 0 to +70°C unless otherwise noted ) 






Power Supply Voltages Vcc +7.0 Volts 
(See Note 1) VEE -7.0 
Logic and Inhibitor Input Voltages Vin Volts 
(See Note 1) 
Common-Mode Output Voltage Range Vocr -5.0 to +12 Volts 
(See Note 1) 
Power Dissipation (Package Limitation) 
1000 mw 
3.85 mW/°C 


Plastic and Ceramic Dual In-Line Packages 


Derate above Ta = +25°C 
-65 to +150 


-55 to +150 























Operating Temperature Range 


Storage Temperature Range 
Ceramic Dual In-Line Package 
Plastic Dual In-Line Package 








Characteristic 


Power Supply Voltages 


Common-Mode Output Voltage Range 
Positive 
Negative 





Note 1. These voltage values are in respect to the ground terminal 
Note 2, When using only one channel of the tine drivers, the other channel should be 
inhibited and/or its outputs grounded. 


DEFINITIONS OF INPUT LOGIC LEVELS* 





* The algebraic convention, where the most positive limit 1s designated maximum, ts used with 
Logic Level Input Voltage Levels only. 
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MC75S110 


ELECTRICAL CHARACTERISTICS (Ta, = Oto +70°C unless otherwise noted.) 


MC75S110 
a eer Pros 


High-Level Input Current to 1A, 1B, 2A or 2B NHyp 
(Vcc = Max, Veg = Max, Vip, = 2.4 VIF pA 
(Vcc = Max, Vee = Max, Vin, = Vcc Max) mA 
Low-Level Input Current to 1A, 1B, 2A or 2B Nee mA 
(Vcc = Max, Veg = Max, ViL, = 0.4 V) 
High-Level {nput Current into 1C or 2C 2 
(Vcc = Max, Veg = Max, Vip, = 2.4 V) es 
(Vcc = Max, Veg = Max, Vin, = Voc Max) 
Low-Level Input Current into 1C or 2C Niuy 
(Vcc = Max, Veg = Max, Vit; = 94 V) 
High-Level input Current into D "Hy 
(Vcc = Max, Veg = Max, ViH, = 2.4 V) 80 uA 
(Vcc = Max, Veg = Max, Vin, = Voc Max) 
Low-Level Input Current into D 


(Vcc = Max, Vee = Max, ViL, = 9.4 V) 


Output Current ("‘on” state) 
(Vcc = Max, Veg = Max) 
(Vcc = Min, Veg = Min) 


Output Current ("‘off” state) IO (off) 
(Vcc = Min, Veg = Min) 

Supply Current from Vcc (with driver enabled) lection) 
(VILL =0.4V, Viy = 2.0 V) 28 35 

Supply Current from Veg (with driver enabled) mA 
(Vitp = 0.4 Vv. Vie = 2.0 V) 

Supply Current from Vcc (with driver inhibited) | Ic¢cloff) mA 
(Vity = 9-4 V, Vity = 0.4 V) 21 

Supply Current from Veg (with driver inhibited) | IEE (off) mA 
(Vit, = 0.4 V, Vit, = 9.4 V) -50 


#All typical values are at Vcc = +50 V, Veg = -50V 
#2For conditions shown as Min or Max, use the appropriate value specified under recommended 
Operating conditions, 






















































SWITCHING CHARACTERISTICS (Vcc = +50 V, Veg = -50 V, Ta = +25°C.) 


[CRharacteretie ——SSS*dYCSSSymbot_| Tet Pin, | Mm [Tye | Max | Unt | 


Propagation Delay Time from Logic Input A or B to 
Output Y or Z (Ry, = 50 ohms, C,_ = 40 pF) 


Propagation Delay Time from Inhibitor tnput C or D 
to Output Y or Z (R,, = 50 ohms, Cy_ = 40 pF) 
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MC75S110 


TEST CIRCUITS 
FIGURE 1 — Vip. Vir. by, and iL 


OUTPUTS 















TEST AT ANY LOGIC INPUTS ALL INHIBITOR OUTPUT OUTPUT 
LOGIC INPUT | NOT UNDER TEST INPUTS 1Y or 2Y 1Z or 2Z 
Vin Open Vv H L 
ee ae eee ee ee 
Vite Vec Vin, L H 
; (See Note 1) (See Note 1) 


NOTES. 1. Low output represents the ‘‘on” state, high output represents the ‘off’ state. 


2. Each input ts tested separately. 
3 Arrows indicate actual direction of current flow. 


FIGURE 2 — Vin. Vit. WH Ui 


: Vec VEE 


44 


OUTPUTS 





TEST TABLE 
TEST AT ANY ALL LOGIC INHIBITOR INPUTS OUTPUT OUTPUT 
INHIBITOR INPUT INPUTS NOT UNDER TEST 1Y¥ or 2Y¥ 1Z or 2Z 
Vin, 


UGeeNote 11 | HiSeeNove 
A SR TD 
Vin, 

















Vcc 
HiSee Note 1) | _HiSee Note 1) 


en (ee ees Se eee ee 
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MC75S110 


TEST CIRCUITS (continued) 


FIGURE 3— IQ(on) and IO (off) 


Vec VEE 


OUTPUTS 


Vit 


ViH 
Vin 





Arrows indicate actual direction 
= of current flow. 


Wout [| tocicinpurs | inHiBiToOR INPUTS _| 
Ground all output pins LOGIC INPUTS INHIBITOR INPUTS 
not under test. 1Bor2B | 1Cor2c [dD | 


at Output 
1Y or 2Y 


| toon | 1Z or 2Z 
at Output 
jtown | Sversy | vm | vm |v 


at Output 


1Z or 2Z 





Yr Vin | Vin 


at Output Either Either 
TY, 2¥,12,0r 22 state state 


FIGURE 4 — tcc and IgE 





Vee VEE 


cel eel 


ral 






Thy 
pipes 









TEST TABLE 
fs ee ee 
TEST INPUTS INPUTS 












VIH See 
Vie Table 
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MC75S110 


NOTES: 


TEST CIRCUITS (continued) 


FIGURE 5 — PROPAGATION DELAY TIMES TEST CIRCUIT AND WAVEFORMS 











OUTPUT 
Pulse Y 
Generator 
ud Fao er 
p 
Pulse 
Generator ae 
#2 i 
D 11 to OTHER CL 
INHIBITOR 
40 pF 
INPUT LY CHANNEL T p 
50 = = 
GND 
LOGIC 3V 
INPUT 
Aor B 
ov 
INHIBIT 3V 
INPUT 
CorD ov 
TPLH(L) TPHL(IN) 
TPHL(L) 
— off 
OUTPUT 
Y 
on 
eeavJZT__—_—_—_——— off 
OUTPUT 
. on 
tPHLIL) 


1. The pulse generators have the following characteristics: 2% = 50 2,tp =t¢= 1045 ns, top1= 500 ns, PRR = 1 MHz, 
to2 = 1 ms, PRR = 500 kHz. 

2. C. includes probe and jig capacitance. 

3. For simplicity, only one channel and the inhibitor connections are shown. 


B:3d 


(AA) MOTOROLA 


HIGH-VOLTAGE, HIGH-CURRENT 
DARLINGTON TRANSISTOR ARRAYS 


The seven NPN Darlington-connected transistors in these arrays 
are well suited for driving lamps, relays, or printer hammers in 
a variety of industrial and consumer applications. Their high break- 
down voltage and internal suppression diodes insure freedom from 
problems associated with inductive loads. Peak inrush currents 
to 600 mA permit them to drive incandescent lamps. 

The MC1411 device is a general-purpose array for use with 
DTL, TTL, PMOS, or CMOS Logic. The MC1412 contains a zener 
diode and resistor in series with the input to limit input current 
for use with 14 to 25 Volt PMOS Logic. The MC1413 with a 2.7 kQ 
series input resistor is well suited for systems utilizing 5 Volt TTL 
or CMOS Logic. The MC1416 uses a series 10.5 kQ resistor and 
is useful in 8-18 Volt MOS systems. 


MAXIMUM RATINGS (Ta = 25°C and rating apply to any one device in the 
package unless otherwise noted.) 


Rating Symbol 


Output Voltage |} sor 
Input Voltage (Except MC1411) | 30 | 
Collector Current ~ Continuous | 500 | 
Base Current — Continuous | 25 | 

| Oto +85 _| 


Operating Ambient Temperature Range 0 to +85 


Storage Temperature Range -55 to +150 
° 


Maximum Package Power Dissipation (See Thermal Information Section) 
“Higher voltage selection available. See your loca! representative. 


[Unit | 
| ma 


DEVICE CROSS-REFERENCE LISTING 


9665 — SN75476 — ULN2001A — order MC1411P 
9666 — SN75477 — ULN2002A — order MC1412P 
9667 — SN75478 — ULN2003A — order MC1413P 
9668 — — ULN2004A — order MC1416P 
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MC1411 (ULN2001A) 
MC1412 (ULN2002A) 
MiC1413 (ULN2003A) 
MC1416 urn20044) 


PERIPHERAL 
DRIVER ARRAYS 


SILICON MONOLITHIC 
INTEGRATED CIRCUITS 


P SUFFIX 
PLASTIC PACKAGE. 
CASE 648 


PIN CONNECTIONS 





MC1411,MC1412, MC1413, MC1416 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 


Symbol 


ICEX 
VCE (sat) 


Output Leakage Current 
"(VQ =50 V, Ta = +70°C) 
"(VQ = 50 V, Ta = +25°C) 
*(Vo = 50 V, Ta = +70°C, V) =60 V) 
*(Vo = 50 V, Ta = +70°C, V} = 1.0 V) 


Collector-Emitter Saturation Voltage 
(Ic = 350 mA, tg = 500 nA) 
(t¢ = 200 mA, 1g = 350 uA) 
(Ic = 100 mA, tg = 250 nA) 

Input Current — On Condition 
(Vy =17V) . 
(V; = 3.85 V) 

(V,;=5.0 V) 
(V)=12V) 

Input Voltage — On Condition 
(VcE = 2.0 V, Io = 300 mA) 
(Voge = 2.0 V, I¢ = 200 mA) 
(VcE = 2.0 V, Iq = 250 mA) 
(Voce = 2.0 V, Ic = 300 mA) 
(Veg = 2.0 V, Iq = 125 mA) 
(Voce = 2.0 V, Ic = 200 mA) 
(Vcg = 2.0 V, Ic = 275 mA) 
(VcE=2.0V,Ic= = 350 mA) 

Input Current — Off Condition 
(I¢ = 500 HA, Ta = +70°C) 

DC Current Gain 
(Vce = 2.0 V, Ic = 350 mA) 

Input Capacitance 

Turn-On Delay Time 
(50% E) to 50% Eq) 

Turn-Off Delay Time 
(50% E, to 50% Eg) 

Clamp Diode Leakage Current 
(VR =50 V) 


All Types 
All Types 


MC1412 
MC1416 


MC1412 
MC1413 
MC1416 
MC1416 


MC1412 
MC1413 
MC1413 
MC1413 
MC1416 
MC1416 
MC1416 
MC1416 


MC1411 


Ta = +25°C 
Ta =+70°C 


Clamp Diode Forward Voltage 
(I~ = 350 mA) 


“Higher voltage selections available, contact your local representative. 





TYPICAL PERFORMANCE CURVES = Ta = 25°C 


FIGURE 1 — OUTPUT CURRENT versus INPUT VOLTAGE 


-400 


Ig, QUTPUT CURRENT (mA) 





0 
0 10 20 30 40 50° 80 9.0 
V,, INPUT VOLTAGE (VOLTS) 
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FIGURE 2 — OUTPUT CURRENT versus INPUT CURRENT 


Ig, OUTPUT CURRENT (mA) 





0 50 100 150 = 200s «250 300 350 = 400 
Ij, INPUT CURRENT (uA) 


MC1411,MC1412, MC1413, MC1416 


TYPICAL CHARACTERISTIC CURVES — Ta = 25°C (continued) 


FIGURE 3 — TYPICAL OUTPUT CHARACTERISTICS FIGURE 4 — INPUT CHARACTERISTICS — MC1412 


2 
Se are Se 
eae (eee a (a a ee a ae 

































20 b 

i a a a a es 
are 
i 2 1.5 ir, 
vad c 
Da c 
3 3 
° 5 10 
5 a 
rm 2 
a - 
_ > 
3 05 
Ss 

0 

0 12 14 16 18 20 22 24 26 
VeE(sat), SATURATION VOLTAGE (VOLTS) V,, INPUT VOLTAGE (VOLTS) 
FIGURE 5 — INPUT CHARACTERISTICS — MC1413 FIGURE 6 — INPUT CHARACTERISTICS — MC1416 








8 TYPICAL 
B SERIES McMOS 
OV 


1), INPUT CURRENT (mA) 
1, INPUT CURRENT (mA) 





V,. INPUT VOLTAGE (VOLTS) V,, INPUT VOLTAGE (VOLTS) 


FIGURE 7 — MAXIMUM COLLECTOR CURRENT 
versus DUTY CYCLE 
(AND NUMBER OF DRIVERS IN USE) 














=a 
ea 


3.0 Amps 
ns 
om 
ales 
MC1412L Typ 


1 
— — om I Scale x 10 


Ic, COLLECTOR CURRENT (mA) 
2 ee ee ea eye 
sl [ | JAZ VY Vi Yi | 
NUMBER OF DRIVERS USED 





% DUTY CYCLE 


Dee7 


MC1411,MC1412, MC1413, MC1416 


REPRESENTATIVE CIRCUIT SCHEMATICS 


1/7 MC1411 1/7 MC1412 


1/7 MC1413 1/7 MC1416 
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(AA) MOTOROLA 


DUAL PERIPHERAL 


DUAL PERIPHERAL-HIGH-VOLTAGE POSITIVE “NAND” DRIVER 


a ” SILICON MONOLITHIC 
POSTIVE NANO DRIVER INTEGRATED CIRCUITS 


The dual driver consists of a pair of PNP-buffered AND gates 
connected to the bases of a pair of high-voltage NPN transistors. 
They are similar to the MC75452 drivers but with the added advan- 
tages of: 1) 70 Volt capability 2) output suppression diodes and 
3) PNP buffered inputs for MOS compatibility. These features make 
the MC1472 ideal for mating MOS logic or microprocessors to 


lamps, relays, printer hammers and incandescent displays. 
300 mA Output Capability (each transistor) r 
70 Vdc Breakdown Voltage 


Internal Output Clamp Diodes : U SUFFIX P1 SUFFIX 


Low Input Loading for MOS Compatibility (PNP buffered) CERAMIC PACKAGE PLASTIC PACKAGE 
CASE 693 CASE 626 





CROSS REFERENCE 
UDN-5712 — SN75475 — MC1472 


MAXIMUM RATINGS (Ta = 25°C, Note 1). 


Output Current (Continuous) 


Operating Junction Temperature 
Ceramic Package 
Plastic Package 


Positive Logic: Y=AB°® 





Note 1: ‘‘Maximum Ratings” are those values beyond whlch the safety of the device 
cannot be guaranteed. They are not meant to imply that the device should 
be operated at these limits. The ‘‘Table of Electrical Characteristics” pro- 
vides conditions for actual device operation. 


TRUTH TABLE 


RECOMMENDED OPERATING CONDITIONS 
H = Logic One 


L = Logic Zero 


Operating Ambient Temperature 
Output Voltage 
Clamp Voltage 
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MC1472 


ELECTRICAL CHARACTERISTICS Unless otherwise noted min/max limits apply accross the O°C to 70°C temperature range with 
45 V+ Voc + 5.5 V. All typical values are for Ta = 25°C, Voc = 5 Volts. 


Symbol 
Input Voltage —~ High Logic State | vin | 
Input Voltage — Low Logic State Vde 


Input Current — Low Logic State 
(Vip =0.4V) 
A Input 
B Input 










Input Current — High Logic State 
(Vip =2.4V) 
A input 
B Input 
(Vin = 5.5V) 
A Input 
B Input 


Input Clamp Voltage 
(Ite = -12mA) 
Output Leakage Current — High Logic State 
(Vo = 70V, See test Figure) uA 


Output Voltage — Low Logic State 
(loz = 100 mA) 
(lo = 300 mA) 


Output Clamp Diode Leakage Current 

(Vc = 70V, See test Figure) pA 
Qutput Clamp Forward Voltage 

(fc = 300 mA See test Figure) 


Power Supply Current 
(All Inputs at Vjp4) 
(All tnputs at Vii) 



















NOTE: All currents into device pins are shown as positive, out of device pins as negative. All voltages referenced to ground unless otherwise 
noted. r 


SWITCHING CHARACTERISTICS Vcc = 5.0V, Ta = 25°C 


; Characteristic 


Propagation Delay Time 
Output High to Low 


Output Low to High 


Output Transition Time 
Output High to Low 
Output Low to High 
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MC1472 


TEST CIRCUITS 


Vin & Vin 
Per Truth Table 


SWITCHING TEST CIRCUIT AND WAVEFORM 


+50V To Scope 
(Output) 


‘To 
Scope 
(Input) 


30 pF 
Includes Probe 
and Stray 


Pulse 
Generator 


Vou 
OUTPUT 
VoL 
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(A) Dementor MC1488 


QUAD MDTL LINE DRIVER 
RS-232C 
QUAD. LINE DRIVER SILICON MONOLITHIC 


INTEGRATED C 
The MC1488 is a monolithic quad line driver designed to inter- jis 


face data terminal equipment with data communications equipment 
in conformance with the specifications of ElA Standard No. RS-232C. 


Features: 


® Current Limited Output 
+10 mA typ 


@ Power-Off Source Impedance 


300 Ohms min 
; ; ; L SUFFIX P SUFFIX 
Simple Slew Rate Control with External Capacitor CERAMIC PACKAGE = PLASTIC PACKAGE 


Flexible Operating Supply Range sec — CASE696 
Compatible with All Motorola MDTL and MTTL Logic Families 


PIN CONNECTIONS 


TYPICAL APPLICATION 


LINE ORIVER INTERCONNECTING LINE RECEIVER 
MC1488 CABLE MC1489 
a oN \ TTS 
—- p- 


“L—-’ Ts 


CONNECTING | 


INTER 
MOTLLOGICINPUT bee Cagie 2 fe—MOTL LOGIC OUTPUT 


| 


CIRCUIT SCHEMATIC 
(1/4 OF CIRCUIT SHOWN) 


Vcc 14 0 
PINS 4,9, 120R 2 
INPUT 
INPUT 
PINS 5, 10, 13 


PINS 6,8,110R 3 
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MC 1488 


MAXIMUM RATINGS (Ta = +25°C unless otherwise noted ) 


Power Supply Voltage Vcc 
VEE 
_ ie mee 


Output Signal Voltage 


Power Derating (Package Limitation, Ceramicand Plastic Dual-iIn-Line Package) 
Derate above T, = +25°C 


Operating Ambient Temperature Range 


Storage Temperature Range 


Characteristic 
Input Current — Low Logic State (Vj, = 0) 


Input Current — High Logic State (Vjy = 5.0 V) 


Output Voltage — High Logic State 
(Vit = 0.8 Vde, RL = 3.0kQ, Voc = +9.0 Vde, Veg = -9.0 Vdc) 


(Vip = 0.8 Vdc, RL= 30k, Voc = +13.2 Vde, Veg = -13.2 Vde) 


Output Voltage — Low Logic State 
(Viy = 1.9 Vde, RL = 3.0 k2, Voc = +9.0 Vde, Veg = -9.0 Vdc) 


(ViH = 1.9 Vde, RL= 30k, Voc = +13.2 Vde, Veg = -13.2 Vde) 


Positive Output Short-Circuit Current (1) 
Negative Output Short-Circuit Current (1) 


Output Resistance (Vcc = Veg = 0, | Vo | = +2.0 V) 
Positive Supply Current (Ry = 00) 

(Vin = 1.9 Vde, Voc = +9.0 Vdc) 

‘(VIL = 0.8 Vde, Veg = +9.0 Vdc) 

(ViH = 1.9 Vdc, Vec = +12 Vde) 

(Vit = 0.8 Vdc, Voc = +12 Vdc) 

(ViH = 1.9 Vde, Veg = +15 Vde) 

(Vit = 0.8 Vde, Voc = +15 Vde) 


Negative Supply Current (RL = oo 
(ViH = 1.9 Vde, VEE = -9.0 Vde) 
(Vit = 0.8 Vde, Veg = -9.0 Vdc) 
(Vip = 1.9 Vde; Veg = -12 Vdc) 
(Vi_ = 0.8 Vde, Veg =-12 Vde) 
(Vin = 1.9 Vde, Veg =-15 Vde) 
(Vit = 0.8 Vdc, Veg = -15 Vde) 

Power Consumption 


(Vcc = 9.0 Vde, Veg = -9.0 Vdc) 
(Vec = 12 Vde, Veg = -12 Vde) 


(1) Maximum Package Power Dissipation may be exceeded if all outputs are shorted simultaneously. 
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+15 


1000 





MC 1488 


CHARACTERISTIC DEFINITIONS 


FIGURE 1 — INPUT CURRENT FIGURE 2 — OUTPUT VOLTAGE 
+9V -9V +9V00 -9V 


+19V 


al 


VoH 


+0.8V 





tlhe 


_ +5 V 





FIGURE 3 — OUTPUT SHORT-CIRCUIT CURRENT FIGURE 4 — OUTPUT RESISTANCE (POWER-OFF) 


Vcc VEE 


+19V 





Vo 
las- +2 Vde 
lose +6 6 mA Max 

+08V' 
FIGURE 5 — POWER-SUPPLY CURRENTS FIGURE 6 — SWITCHING RESPONSE 
en Vo 


+3V 
+15V 





'TLH 
tTHL and tTLH Measured 10% to 90% 
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MIC 1488 


TYPICAL CHARACTERISTICS 
(Ta = +25°C unless otherwise noted.) 


FIGURE 7 — TRANSFER CHARACTERISTICS FIGURE 8 — SHORT-CIRCUIT OUTPUT CURRENT 
versus POWER-SUPPLY VOLTAGE versus TEMPERATURE 


+12 
ee 
+ 
eae ee ee 
roof fT ra lin Voc =VEE=+9V 
to eee = 8 
+3.0 















-60 


= | 2 ee es 
is ee 
0 02 04 06 08 10 12 14 16 18 20 
Vin, INPUT VOLTAGE (VOLTS) T, TEMPERATURE (°C) 


FIGURE 10 — OUTPUT VOLTAGE 
FIGURE 9 — OUTPUT SLEW RATE versus LOAD CAPACITANCE AND CURRENT-LIMITING CHARACTERISTICS 
oD eS 


Vo, OUTPUT VOLTAGE (VOLTS) 
Co 
Isc, SHORT-CIRCUIT OUTPUT CURRENT (mA) 





ee Oe eae 
a zko LOAD LINE 


100 


SLEW RATE (VOLTS/us) 
Io, OUTPUT CURRENT (mA) 


Sais 


0 


1.0 100 1,000 10,000 -16 -12 -80 -40 0 +40 +80 +12 «+16 





CL, CAPACITANCE (pF) Vo, OUTPUT VOLTAGE (VOLTS) 


FIGURE 11 — MAXIMUM OPERATING TEMPERATURE 
versus POWER-SUPPLY VOLTAGE 


Vec, VEE, POWER SUPPLY VOLTAGE (VOLTS) 





T, TEMPERATURE (°C} 
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MC1488 


APPLICATIONS INFORMATION 


The Electronic Industries Association (EIA) has released the 
RS232C specification detailing the requirements for the interface 
between data processing equipment and data communications 
equipment. This standard specifies not only the number and type 
of interface leads, but also the voltage levels to be used. The 
MC1488 quad driver and its companion circuit, the MC1489 
quad receiver, provide a complete interface system between DTL 
or TTL logic levels and the RS232C defined levels. The RS232C 
requirements as applied to drivers are discussed herein. 


The required driver voltages are defined as between 5 and 15- 
volts in magnitude and are positive for a logic ‘’0’’ and negative for 
a logic ‘1’. These voltages are so defined when the drivers are 
terminated with a 3000 to 7000-ohm resistor. The MC1488 meets 
this voltage requirement by converting a DTL/TTL Iogic level into 
RS232C levels with one stage of inversion. 

The RS232C specification further requires that during transi- 
tions, the driver output slew rate must not exceed 30 volts per 
microsecond. The inherent slew rate of the MC1488 is much too 


FIGURE 12 — SLEW RATE versus CAPACITANCE 
FOR Isc = 10mA 


HH aT 


SLEW RATE (VOLTS/us) 





on 
NS Ht 
Hi ee Bea 


10 100 1000 10.000 


C, CAPACITANCE (pF) 


fast for this requirement. The current Itmited output of the device 
can be used to control this slew rate by connecting a capacitor to 
each driver output. The required capacitor can be easily determined 
by using the relationship C = |gg x AT/AV from which Figure 121s 
derived. Accordingly, a 330-pF capacitor on each output will 
guarantee a worst case slew rate of 30 volts per microsecond. 

The interface driver is also required to withstand an accidental 
short to any other conductor in an interconnectingcable The worst 
possible signal on any conductor would be another driver using a 
plus or minus 15-volt, 500-mA source. The MC 1488 is designed to 
indefinitely withstand such a short to all four outputs in a package 
as long as the power-supply voltages are greater than 9.0 volts (i.e., 
Vcc>9.0 V; VEE<~9.0 V). In some power-supply designs, a loss 
of system power causes a low impedance on the power-supply out- 
puts. When this occurs, a low impedance to ground would exist at 
the power inputs to the MC 1488 effectively shorting the 300-ohm 
output resistors to ground. If all four outputs were then shorted 
to plus or minus 15 volts, the power dissipation in these resistors 





FIGURE 13 — POWER-SUPPLY PROTECTION 
TO MEET POWER-OFF FAULT CONDITIONS 


aw Ff 
fe) 


} 


fe) 


S 
' 
i 
-i 
t 
I 
Lie 


would be excessive Therefore, if the system is designed to permit 
low impedances to ground at the power-supplies of the drivers, a 
diode should be placed in each power-supply lead to prevent over- 
heating in this fault condition. These two diodes, as shown in 
Figure 13, could be used to decouple all the driver packages ina 
system. (These same diodes will allow the MC1488 to withstand 
momentary shorts to the +25-volt limits specified in the earlier 
Standard RS232B.) The addition of the diodes also permits the 
MC1488 to withstand faults with power-supplies of less than the 
9.0 volts stated above. 

The maximum short-circuit current allowable under fault con- 
ditions is more than guaranteed by the previously mentioned 
10 mA output current timiting. 


Other Applications 


The MC1488 is an extremely versatile line driver with a myriad 
of possible applications. Several features of the drivers enhance 
this versatility: 

1. Output Current Limiting — this enables the circuit designer 
to define the output voltage levels independent of power-supplies 
and can be accomplished by diode clamping of the output pins 
Figure 14 shows the MC1488 used as a DTL to MOS translator 
where the high-level voltage output 1s clamped one diode above 
ground. The resistor divider shown 1s used to reduce the output 
voltage below the 300 mV above ground MOS input level limit. 


2. Power-Supply Range — as can be seen from the schematic 
drawing of the drivers, the positive and negative driving elements 
of the device are essentially independent and do not require match- 
ing power-supplies. In fact, the positive supply can vary from a 
minimum seven volts (required for driving the negative pulldown 
section) to the maximum specified 15 volts. The negative supply 
can vary from approximately -2.5 volts to the minimum specified 
~15 volts. The MC1488 will drive the output to within 2 volts of 
the positive or negative supplies as long as the current output limits 
are not exceeded. The combination of the current-limiting and 
supply-voltage features allow a wide combination of possible out- 
puts within the same quad package. Thus if only a portion of the 
four drivers are used for driving RS232C lines, the remainder could 
be used for DTL to MOS or even DTL to DTL translation. Figure 15 
shows one such combination. 
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MC1488 


FIGURE 14 — MDTL/MTTL-TO-MOS TRANSLATOR FIGURE 15 — LOGIC TRANSLATOR APPLICATIONS 
+12V 


MRTL OUTPUT 


0.7 V to +3.7V 
1/4 MC1488 


MOTL 
MTTL 
(INPUT 


MOS OUTPUT 
(WITH Vgg = GND) MOTL OUTPUT 
-07V to 5.7 V 





-12V -12V 


MHTL OUTPUT 
-07Vt0 10V 


MOS OUTPUT 
-10VtoOV 





-12V +12 V 
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(A) MOTOROLA MC1489L 
MC1489AL 


QUAD MDTL 
LINE RECEIVERS 


QUAD LINE RECEIVERS RS-232C 


SILICON MONOLITHIC 

INTEGRATED CIRCUIT 

The MC1489 monolithic quad line receivers are designed to inter- 
face data terminal equipment with data communications equipment 
in conformance with the specifications of EIA Standard No. RS-232C. 


Input Resistance — 3.0 k to 7.0 kilohms a 
Input Signal Range — +30 Volts N 
Input Threshold Hysteresis Built In 


Response Control 
a) Logic Threshold Shifting 
L SUFFIX P SUFFIX 


b) Input i ilterin 

}Anput Netse Filtering CERAMIC PACKAGE = PLASTIC PACKAGE 
CASE 632 CASE 646 
TO-116 


TYPICAL APPLICATION 

LINE RECEIVER Response 

LINE ORIVER pespens. 
MC 1488 INTERCONNECTING MC1489 
Sree a = 
= N CABLE pot 
a p- Response 
1t--’ cs Control B 


Response ' 
Contro! C 


| INTERCONNECTING u 


MOTL LOGICINPUT—e—f~e— CABLE.» —#}--—— MOTL LoGiC OUTPUT 





CIRCUIT SCHEMATIC (1/4 OF CIRCUIT SHOWN) 


RESPONSE CONTROL 2 O O 30UTPUT 


gt eof He eeA 
[ 1ok2 | 


2kQ 
O 7GROUND 
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MC1489L, MC1489AL 


MAXIMUM RATINGS (T, = +25°C unless otherwise noted) 












Vv 







cc 
Output Load Current IL A 
Pp 1000 mw 
Derate above Ta = +25°C 1/8 ja 6 mW/°C 
Ta 


a ae 
nS 
[ros vorwm nee Oe 
ae a el 
Power Dissipation (Package Limitation, Ceramic and Plastic Dual In-Line 
Package) 
7 
[earning Ambien Termeni Rane TTA Swe 





ELECTRICAL CHARACTERISTICS (Response control pin ts open.) (Vcc = +5.0 Vde +1%, Ta = 0 to +75°C unless otherwise noted) 


Characteristics 
(Vip = +25 Vde) 


Positive Input Current 
(Vip = +3.0 Vde) 


Negative Input Current (Vi_ = -25 Vde) 
(Vit = -3.0 Vde) 


Input Turn-On Threshold Voltage 
(Ta = +25°C, VoL #045 V) MC1489 
MC1489A 


Input Turn-Off Threshold Voltage 
(Ta = +25°C, Von 22.5 V, IL = -0 5 mA) MC 1489 
MC 14894 


Output Voltage High (Vip = 0.75 V, IL = -0.5 mA) 
. (Input Open Circurt, IL = -0.5 mA) 


Output Voltage Low (Vit = 3.0 V, IL = 10 mA) 


ee 
[PonerSupeGuret SOV | teed 
Dee 
=< 


Power Consumption (Vip= +5.0 Vde) | 4 | Po 
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MC1489L, MC1489AL 










TEST CIRCUITS 
Vv 
FIGURE 1 — INPUT CURRENT ut ‘ FIGURE 2 — OUTPUT VOLTAGE 
| ILH and INPUT THRESHOLD VOLTAGE 
+5 Ve VIHL +6 Vde 
e@ 
hH, 14 OPEN 14 


Vcc 





FIGURE 5 — SWITCHING RESPONSE FIGURE 6 — RESPONSE CONTROL NODE 


+5 Vde 








RL = VR 
All diodes 
MC833 
or equiv 


Ein Eo 






RESPONSE NODE 


tTLH and tTHL Vin 
measured 
10% - 90% 


C, capacitor is for noise filtering 
R, resistor ts for threshold shifting 





CT = 15 pF = total parasitic capacitance, which includes 
probe and wiring capacitances 
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MC1489L, MC1489AL 


TYPICAL CHARACTERISTICS 


5.0 Vde, Ta = +25°C unless otherwise noted) 


(Vec 


FIGURE 8 — MC1489 INPUT THRESHOLD 


FIGURE 7 — INPUT CURRENT 


VOLTAGE ADJUSTMENT 
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FIGURE 9 — MC1489A INPUT THRESHOLD 
VOLTAGE ADJUSTMENT 


ize 





T, TEMPERATURE (°C) 


Vj, INPUT VOLTAGE (Vdc) 


FIGURE 11 — INPUT THRESHOLD versus 
POWER-SUPPLY VOLTAGE 
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MC1489L, MC1489AL 


APPLICATIONS INFORMATION 


General Information 


The Electronic Industries Association (E 1A) hasreleased the RS-232C 
specification detailing the requirements for the interface between 
data processing equipment and data communications equipment 
This standard specifies not only the number and type of interface 


leads, but also the voltage levels to be used. The MC1488 quad © 


driver and its companion circuit, the MC1489 quad receiver, 
provide a complete interface system between DTL or TTL logic 
levels and the RS-232C defined levels The RS-232C requirements 
as applied to receivers are discussed herein 

The required input impedance ts defined as between 3000 ohms 
and 7000 ohms for input voltages between 3.0 and 25 volts in 
magnitude; and any voltage on the receiver input in an open circuit 
condition must be less than 2.0 volts in magnitude. The MC1489 
circuits meet these requirements with a maximum open circuit volt- 
age of one Vee (Ref. Sect. 2.4). 

The receiver shall detect a voltage between -3 0 and -25 volts 
as a logic ‘'1’’ and inputs between +3.0 and +25 volts as a logic “0” 
(Ref. Sect. 2.3). On some interchange leads, an open circuit or 
power “OFF"’ condition (300 ohms or more to ground) shall be 
decoded as an ‘OFF’ condition or logic “1” (Ref. Sect. 2.5) For 
this reason, the input hysteresis thresholds of the MC 1489 circuits 
are all above ground. Thus an open or grounded input will cause 
the same output as a negative or logic ‘'1"' input. 


Device Characteristics 


The MC1489 interface receivers have internal feedback from the 
second stage to the input stage providing input hysteresis for noise 


FIGURE 12 — TURN-ON THRESHOLD versus CAPACITANCE 
FROM RESPONSE CONTROL PIN TO GND 


DT UT) wot 
Awe VW] 
Rez wane 


Ein. AMPLITUDE (VOLTS) 


SES Cae 
SO Seer 
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1000 
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PW, INPUT PULSE WIDTH (ns) 


Ein. AMPLITUDE (VOLTS) 
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rejection. The MC1489 input has typical turn-on voltage of 1.25 
volts and turn-off of 1.0 voit for a typical hysteresis of 250 mV. 
The MC1489A has typical turn-on of 1.95 volts and turn-off of 
0 8 volt for typically 1 15 volts of hysteresis 

Each receiver section has an external response control node in 
addition to the input and output pins, thereby allowing the design- 
er to vary the input threshold voltage levels. A resistor can be 
connected between this node and an external power-supply. Fig- 
ures 6, 8 and 9 illustrate the input threshold voltage shift possible 
through this technique. 

This response node can also be used for the filtering of high- 
frequency, high-energy noise pulses. Figures 12 and 13 show 
typical noise-pulse reyection for external capacitors of various sizes 

These two operations on the response node can be combined 
or used individually for many combinations of mterfacing appli- 
cations. The MC1489 circuits are particularly useful for interfacing 
between MOS circuits and MDTL/MTTL logic systems. In this 
application, the input threshold voltages are adjusted (with the 
appropriate supply and resistor values) to fal! in the center of the 
MOS voltage logic levels. (See Figure 14) 

The response node may also be used as the receiver input as 
long as the designer realizes that he may not drive this node with 
a low impedance source to a voltage greater than One diode above 
ground or less than one diode below ground This feature 1s 
demonstrated in Figure 15 where two receivers are slaved to the 
same line that must still meet the RS-232C impedance requirement. 


FIGURE 13 — TURN-ON THRESHOLD versus CAPACITANCE 
FROM RESPONSE CONTROL PIN TO GND 


MC1489AL 





PW, INPUT PULSE WIDTH (ns) 


MC1489L, MC1489AL 


APPLICATIONS INFORMATION (continued) 


FIGURE 14 — TYPICAL TRANSLATOR APPLICATION — 
MOS TO DTL OR TTL 





eat 
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(A) MOTOROLA 


HEX BUS RECEIVER WITH INPUT HYSTERESIS HEX BUS 
RECEIVER 


These high-speed bus receivers are useful in bus organized data SILICON MONOLITHIC 
transmission systems employing terminated 120 Q lines. The receivers 
feature input hysteresis to obtain improved noise immunity. The INTEGRATED CIRCUIT 
receivers low input current requirement allows up to 27 driver/ 
receiver pairs to share a common bus. A pair of Disable Inputs are 
provided. These Disable Inputs along with the receiver outputs are 
MTTL compatible. 16 


Built in receiver hysteresis 


1 
Receiver input threshold is not affected by temperature 


Propagation delay time — 20 ns (Typ) 
Direct Replacement for DS8837 


L SUFFIX 
CERAMIC PACKAGE 


FIGURE 1 — TYPICAL APPLICATION CASE G20 


+5.0 V 


120 2 Data Bus 
P SUFFIX 
PLASTIC PACKAGE 
CASE 648 
1/6 1/4 1/4 
MC3437 MC3438 MC3438 
PIN CONNECTIONS 


To Computer or Peripherals 


MAXIMUM RATINGS (Tp = 25°C unless otherwise noted.) 


Symiot_[ Vawe [Unie 


Power Dissipation 
Derate above 25°C MG 
Operating Ambient Temperature Range | ta | oto70 | | 
Storage Temperature Range -65 to +150 ' 
[oisbie] Outer | 

ie 1=>2.5V 

H = High Logic State 
+ | L = Low Logic State 
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MC3437 


ELECTRICAL CHARACTERISTICS (Untess otherwise noted, specifications apply for O< TA < 70°C and 4.75 V <Vcc 5.25 V.) 


Characteristic 
Receiver Input Threshold Voltage — High Logic State: VILHIR) 
(VIL(DA) = 0.8 V, IoL = 16 mA, Vo_ <0.4 V) 
Receiver Input Threshold Voltage — Low Logic State VIHLIR) 
(Vit (DA} = 9.8 V, [oH = -400 HA, VoH 22.4 V) 
Receiver Input Current 


(Vi(R) = 4.0 V, Vcc = 5.25 V) 
(Vi(R) = 4.0 V, Veco = OV) 


Disable Input Voltage — High Logic State 
(Vic) = 9.5 V, VoL $0.4 V, IoL = 16 mA) 


Disable tnput Voltage — Low Logic State 
(Vi(R) = 0.5 V, VoH 22.4 V, IOH = -400 A) 


Output Voltage — High Logic State 
(ViqR) = 9.5 V, Vit (DA) = 9.8 V, Io = -400 HA) 


Output Voltage — Low Logic State 
(Vi(R) = 4.0 V, VIL(DA) = 0.8 V, lol = 16 mA) 


Disable Input Current — High Logic State: 'WH(DA) 
(VIH(DA) = 2.4 V) 80 LA 
(Vih(DA) = 5.5 V) 2.0 mA 

Disable Input Current — Low Logic State NLDA) mA 
(Vi(R) = 4.0 V, ViL (Da) = 9.4 V) 

Output Short Circuit Current mA 
(Vi(R) = 9.5 V, ViL(DA) = OV, Voc = 5.25 V) 

Power Supply Current loc 70 mA 
(V1(R) = 0.5 V. Vit(DA) = OV) 

Input Clamp Diode Voltage VI Vv 
(ly(R) = -12 MA, Iy(pay = -12 mA, 





SWITCHING CHARACTERISTICS (Ty, = 25°C, Vcc = 5.0 V unless otherwise noted.) 


Symbol_ [Min | Typ [Mex [Unk | 
Propagation Delay Time from Receiver Input to tPLH(R) 
High Logic State Output 
Propagation Delay Time from Receiver Input to tPHLIR) 
Low Logic State Output 
Propagation Delay Time from Disable Input to tPLH(DA) 
High Logic State Output 
Propagation Delay Time from Disable Input to tPHL(DA) 
Low Logic State Output 
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MC3437 


FIGURE 2 — SWITCHING TIMES TEST CIRCUIT AND WAVEFORMS 


+5.0V 
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FIGURE 3 — TYPICAL HYSTERESIS 
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(AA) MOTOROLA 


. QUAD BUS 
QUAD BUS TRANSCEIVER TRANSCEIVER 


Consists of four pair of drivers and receivers with the output of SILICON MONOLITHIC 
each driver connected to the input of its mating receiver. These INTEGRATED CIRCUIT 
devices are intended for use in bus organized data transmission 
system employing terminated 120 22 lines. The receivers feature 
hysteresis to improve noise immunity. A disable function consisting 
of a two-input NOR gate is provided to control all four drivers. (top view) 

Receiver input threshold is not affected by temperature 

Receiver input hysteresis — 1.0 V (Typ) 

Open collector driver outputs allow wire-OR 

MTTL compatible receiver outputs and disable and driver inputs 

Driver propagation delay — 20 ns 

Receiver propagation delay — 

propagation delay — 20 ns eure 
Direct replacement for DS8838 CERAMIC PACKAGE 
CASE 620 P SUFFIX 


PLASTIC PACKAGE 
CASE 648 


FIGURE 1 — TYPICAL APPLICATION PIN CONNECTIONS 


+5.0V 


180 120 Q |Data Bus 
390 
= 1/6 1/4 1/4 
MC3437 MC3438 MC3438 


To Computer or Peripherals 


TRUTH TABLES 
DRIVER SECTION 


MAXIMUM RATINGS (Ta = 25°C unless otherwise noted.) : 
es a ee 
Derate above 25°C H 
Operating Ambient Temperature Range Ta RECEIVER SECTION 


Storage Temperature Range [Bus | Output | 
ViH(R) >2.5Vv L 
ViL(R) 1.05 V H 


Where: 
L = Low Logic State 
H = High Logic State 


IreFriririr 
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MC3438 


ELECTRICAL CHARACTERISTICS (Unless otherwise noted, specifications apply for O< Ta <70°C and 4.75 < Vcc <5.25 V.) 


Pp Characteristic | Symbot | Min | tye | Max 
Disable {nput Voltage — High Logic State ED ae ae ae 
(ViH(D) = 2-0 V, Vits(Bus) = 4.0 V. IpUsS < 100 uA) 
Disable Input Voltage — Low Logic State a en (ee (a 
(Vin(D) = 2-0 V. Vit(Bus) S9.7 V, Igus=50mA) - 
Driver Input Voltage — High Logic State pl ee ee eae 
(ViL(DA) = 98 V, IBus = 50 mA, Vit(pus) <9.7 V) 
Driver Input Voltage — Low Logic State ee a ae ae 
(ViL(DA) = 9.8 V, ViniBus) = 4.0 V, IgUus < 100 ZA) 
Receiver Input Threshold Voltage — High Logic State VILHIR) Lees hoe || 
(Vit(D) = 0.8 V, loL(R) = 16 MA, VoL(R) <0.4 V) 


Receiver Input Threshold Voitage — Low Logic State 
(ViL(D) = 9.8 V, lOHIR) = -400 HA, VoH(R) = 2.4 V) 

Disable Input Current — High Logic State MH(DA) 
(Vin(D) = 2.4 V. Vinipa) = 2.4 V) iar 
(ViH(D) = 5-5 V, Vinn(DA) = 5-5 V) 

Driver Input Current — High Logic State 
(VIH(DA) = 2.4 V, ViniD) = 24 Vv) Gan 
(VIH(DA) = 5-5 V, ViH(D) = 5.5 V) m 

Disable Input Current — Low Logic State Peele ee ee i eee eee al 
(ViL(DA) = 9.4 V, ViL(p) = 0.4 V) 

Driver Input Current — Low Logic State Nii (D) se, ea 


Bus Current lgus uA 
(VIL(DA) = 0-8 V. ViL(D) = 9.8. ViHiBus) = 4.0 V) 
(Voc = 5.25 V) 100 
(Voc =9V) 100 

Bus Voltage — Low Logic State ViL(BuUS) 0.7 Vv 
(ViL(DA) = 98 V, Vin(Dp) = 20 V, Igus = 50 mA) 

Receiver Output Voltage — High Logic State VOHIA) Vv 
(VIL(DA) = 9.8 V. ViL(D) = 9.8 V. ViL(BUs) = 9.5 V, 
IOH(R) = -400 HA) 

Receiver Output Voltage — Low Logic State VOLIR) - 025 Vv 
(VIL(DA) = 9.8 V, ViL(D) = 98 V. Vin(Bus) = 4.0 V. 
lOL(R) = 16 mA) 

Receiver Output Short Circuit Current mA 
(VIL(DA) = 0-8 V, ViL(D) = 0.8 V, Vit(Bus) = 0.5 V, 
Vec = 5.25 V) 

Power Supply Current lcc 70 
(ViL(DA) = 9 V, VIH(D) = 2.0 V) 

Input Clamp Diode Voltage Vi Vv 
(oA) = '(D) = IBUS = -12 mA) 


SWITCHING CHARACTERISTICS (Ta = 25°C, Vcc = 5.0 V unless otherwise noted.) 


Propagation Delay Time from Disable Input to tPLH(DA) ° 27 
High Logic Level Output 

Propagation Delay Time from Disable Input to tPHLI(DA) 27 
Low Logic Level Output 

Propagation Delay Time from Driver Input to tPLHI{D) 17 25 
High Logic Levél Output 


Vv 
Vv 
Vv 
Vv 
Vv 
Vv 
mA 
A 


"= =a 
ps fos 





Propagation Delay Time from Driver Input to tPHL(D) 
Low Logic Level Output 

Propagation Delay Time from Bus Input to tPLH(R) 
High Logic Level Output 

Propagation Delay Time from Bus Input to tPHL(R)} 
Low Logic Level Output 
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MC3438 


FIGURE 2 — DRIVER AND DISABLE TEST CIRCUIT AND WAVEFORMS 















To Scope To Scope 3V 
(Input) (Output) Disable 15 
+5.0V Input 5V 
(DA) OV 
Disable Von 
@ Driver. Output 18V 
Vor 
tTPLH(DA) tPHL(DA) 
Pulse 
Generator 
: Driver 
Disable | 4/4 MC3438 Input 










Inputs (D) 


Output 





FIGURE 3 — RECEIVER TEST CIRCUIT AND WAVEFORM 


To Scope To Scope 
(Input) (Output) +5.0 V 
O 


Receiver 
FIGURE 4 — TYPICAL RECEIVER HYSTERESIS 


Pulse 
Generator 


1N916 or 
Equiv 


Disable 
Inputs 


ASIOSSAASANSIANS ISSN 
RX _ @Q7 


Va(R). RECEIVER OUTPUT VOLTAGE (VOLTS) 


VOH 





Output Vin), RECEIVER INPUT VOLTAGE (VOLTS) 


VoL 





tPHL(R) 


REPRESENTATIVE CIRCUIT SCHEMATIC 
(1/4 Shown) 


O Bus 
Vec Oo 


Driver 


Input © R8 R11 
D5 
aia 


Lk 08 
Rp Receiver 
as Output 
Disable 
Inputs R? 
GNDO 
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(M\) MOTOROLA 





QUAD INTERFACE 
BUS TRANSCEIVERS 


SILICON MONOLITHIC 
INTEGRATED CIRCUITS 


P SUFFIX 
PLASTIC PACKAGE 
| | CASE 648 


MC3440A 


QUAD GENERAL-PURPOSE INTERFACE 
BUS (GPIB) TRANSCEIVERS 


The MC3440A, MC3441A, MC3443 are quad bus transceivers 
intended for usage in instruments and programmable calculators 
equipped for interconnection into complete measurement systems. 
These transceivers allow the bidirectional flow of digital data and 
commands between the various instruments. Each of the transceiver 
versions provides four open-collector drivers and four receivers 
featuring input hysteresis. 

The MC3440A version consists of three drivers controlled by 
a common Enable input and a single driver without an Enable input. 
Terminations are provided in the device. 

The MC3441A differs in that all four drivers are controlled by 
the common Enable input. Again, the terminations are provided. 

The MC3443 is identical to the MC3441A except that the ter- 
minations have been omitted. As such it ts pin compatible, and 
functionally equivalent to the SN75138. It does offer the advantage 
of receiver input hysteresis. 














Output and 
Termination 
Gnd 









Receiver 
Output A 


|= | Receiver 


Output C 


Oriver 
InputC 



















Driver 
InputA 


Driver 
Input B 


Receiver 

Receiver Input Hysteresis Provides Excellent Noise Rejection outpurS 

Open-Collector Driver Outputs Permit Wire-OR Connection 

Tailored to Meet the Proposed Standards Set by the JEEE 
and IEC Committees on Instrument Interface (488-1978) 

Terminations Provided (except MC3443 version) 

Provides Electrical Compatibility with General-Purpose 
Interface Bus 


MC3441A 





Receiver 
Output A 


MAXIMUM RATINGS (Tq 25°C unless otherwise noted } 









| = | Receiver 
Ourput C 




















Driver 
inputA 


Driver 
Input C 


Driver 
Input B 






Enable E 
Oriver 
|= | Input 0 


Receiver 


Receiver 
Output B 






Operating Ambient Temperature Range 
Storage Temperature Range 





Instrument 
A 
(with GPIB) 




































Receiver 


Receiver 
Output A [=| 


Output C 







P bl Driver Driver 

rogrammable input A 

Calculator . Input C 
(with GPIB) Driver 


Input B 





instrument eae Receiver 
B Output B 
(with GPIB) 


- T—= Bus 
Termination 


16 Lines Total 
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MiC3440A, MC3441A, MC3443 | 


ELECTRICAL CHARACTERISTICS (Untess otherwise noted, 4.5 V < Voc < 5.5 V and 0 < Ta < 70°C, typical values are at 
Ta = 25°C, Voc = 5 0V) 


po Characteristic YE Symbot [Min | typ | Max ft 


DRIVER PORTION 2 
frost Voto =Retewes@e———SSCSCSCSC~*dC sy | OP Cd dd 
(Vip=24V) 


Input Voltage — Low Logie State Yu | - | - | °8 | 
(Vit = 04V, Vcc = 50V, Ta = 25°C) MC3440A, 3441A 
(kK =-12 mA) : 
Output Voltage — High Logic State (1) (MG3440A, 3441A only) bo Eo ae 
(Vinis) = 24 Vor Vit(p) = O8V) 


Output Voltage — Low Logic State 

(Vinis) = 20V. Vit(e) = 98V,1QL (Dp) = 48mA) MC3443 

MC3440A, 3441A 

(ViIH(D) = 20 V, Vice) = 98 V, IQL(p) = 100 mA) 

Output Leakage Current — MC3443 Only ' 
(VIH(E) = 20V or Vit(p) = 08 V) ee 


RECEIVER PORTION 


Input Hysteresis ee ee ee ee 


Input Threshold Voitage — Low to High Output Logic State VILHIR) 0.98 ae ae 
(Veco = 5.0 V,T, = 25°C) 


Input Threshold Voltage —~ High to Low Output Logic State VIHLIR) ae 
(Vcc = 5.0 V, Tp = 25°C) 
(ViL(R) = 98 V, loniR) = -400 uA) 

Output Voltage — Low Logic State MC3440A, 3441A} Vo ir) 
(Vit(R) = 08 V) (Only one output may be shorted at a time) 


BUS TERMINATION PORTION (Does not apply to MC3443) , 


Bus Voltage (Vi_(p) =08 V) 
(Igus = -12 mA) 
(No Load) 


Bus Current 








































(ViL(D) =98V.VBus 2 50V) 
(ViL(p) = 0.8 V. Vgus < 5.5 V) 
(ViL(D) = 9.8 V, Vgus =05 V) 
(Voc = 0,0 < Vgys < 2.75 V) (MC3440A, 3441A only) 





TOTAL DEVICE POWER CONSUMPTION ° 


Power Supply Current !cc 30 75 mA 
(Vin(D) = 24V. ViL(e) = OV) 
SWITCHING CHARACTERISTICS (Vcc = 50V, Ta = 25°C) 


Characteristic ‘ 


eg Ce 
Symbol__| Min | Typ | Max [Min | Tye | Max | 
DRIVER PORTION 


Propagation Delay Time from Driver Input to Low Logic State Bus Output - | tputio) | - | 13 [| 30 { - | 13 | 25 | ns | 
Propagation Delay Time from Driver Input to High Logic State Bus Output 5 | tprHio) | - | 17 | 30 | - | 17] 25 | ns | 
Propagation Delay Time from Enable Input to Low Logic State Bus Output ) teHcie) | -— | 25 | 40 | - | 25 | 32] ns | 
Propagation Delay Time from Enable Input to High Logic State Bus Output | tprH(e) | — | 25 | 40 | - [| 25 [| 32 [ ns | 


RECEIVER PORTION 


Propagation Delay Time from Bus Input to High Logic State Receiver Output tPLHI{R) | — | 15 | 30 | - | 15 | 22 | ns | 
Propagation Delay Time from Bus Input to Low Logic State Receiver Output tPHLIR) | — | 18 | 30 J - | 15 | 22 [| ns | 


(1) 12 k resistor from the bus termina! to Vcc required on the MC3443 version. 
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MC3440A, MC3441A, MC3443 


GENERAL PURPOSE INTERFACE BUS APPLICATION 


INSTRUMENT A 


DIOS 


0106 


MC3441A DIO? 


0108 






MC3441A 





| (Always 
| Enabled) 


SRa 


MC3440A 





tNSTRUMENT B 


MC3440A 


| 
| 
| To Instruments 
l Logic (Typical) 


(Always 
Enabled) 


MC3440A 


(Always 
Enabled) 


0107 
D108 


Gay MC3440A 


EOI 


(Always 
Enabled) 


(Always 
Enabled) 
ATN 


IFC : 


NRFO MC3440A 


ee ee 


16 Lines 


Total 


GPIB SIGNALS 


8 Line Data Bus: DIO1 — DIO8 

5 General Interrupt Transfer Contro! Bus: 
REN — Remote Enable g 
SRQ — Service Request 
EOI! — End or Identify 
ATN — Attention 
1FC — Interface Clear 
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3 Data Byte Transfer Control Bus 
DAV — Data Valid 
NRFD — Not Ready for Data 
NDAC — Not Data Accepted 


16 Total Signat Lines 


MiC3440A, MC3441A, MC3443 


FIGURE 1 — TEST CIRCUIT AND WAVEFORMS FOR PROPAGATION DELAY TIME FROM 
RECEIVER INPUT (BUS) TO OUTPUT 


To Scope 


(Output) +5.0V 









To Scope 


Receiver 
(Input) 


Output 


400 


15 pF 








1N916 
or equiv 






50 Enable . 
Input 





Pulse 
Generator 


FIGURE 2 — TEST CIRCUIT AND WAVEFORMS FOR PROPAGATION DELAY TIME FROM 
DRIVER AND COMMON ENABLE INPUTS TO OUTPUT (BUS) 


3.0 V 
Driver Input 50% 






ToScope 3.0 V +5.0 V VOH 
(Input) To Scope 


(Output) Output 







Vou 
3.0 V 
Enable Input ' 
Pulse 
Generator ov 


Enable 
— input 


VOH 
Output 
VoL 


*MC3443 only. 
MC3440A/3441A uses 100 22 


FIGURE 3 — TYPICAL RECEIVER HYSTERESIS 
CHARACTERISTICS 


Sr ee ee a 
Soc ie a | 
‘SRS ERE A ee Ce 


Vg, QUTPUT VOLTAGE (VOLTS) 





V1, INPUT VOLTAGE (VOLTS) 
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(AA) MOTOROLA MC3446A 


QUAD GENERAL-PURPOSE INTERFACE 

BUS (GPIB) TRANSCEIVER QUAD INTERFACE 

BUS TRANSCEIVER 

The MC3446A is a quad bus transceiver intended for usage in SILICON MONOLITHIC 

instruments and programmable calculators equipped for interconnec- INTEGRATED CIRCUIT 
tion into complete measurement systems. This transceiver allows the 
bidirectional flow of digital data and commands between the various 
instruments. The transceiver provides four open-collector drivers and 

four receivers featuring hysteresis. 


@ Tailored to Meet the IEEE Standard 488-1978 (Digital Interface 
for Programmable Instrumentation) and the Proposed IEC 
Standard on Instrument Interface 


Provides Electrical Compatibility with General-Purpose Interface 
Bus (GPIB) 


P SUFFIX 
MOS Compatible with High Impedance Inputs 


PLASTIC PACKAGE 
: . CASE 648 
Driver Output Guaranteed Off During Power Up/Power Down 


Low Power — Average Power Supply Current = 12 mA 


Terminations Provided 


PIN CONNECTIONS 


TYPICAL MEASUREMENT SYSTEM APPLICATION 


Receiver = | Vcc 
Output A 


Receiver 
Bus A Output O 


Driver Bus D 
Input A 


Oriver 


ri ABC Input OD 
A (iam ee) 
(with GPIB) Er Enable D 


Driver 
| B 
a ae Oriver 
_——] ~Programmable Bus B Inputc 


> (with GPIB) Receiver Bus C 


Output B _ . 
eceiver 
Instrument 


re 
8 =H _| . Pete. 
ee Ee ae, 


(with GPIB) 


16 Lines Total — T — = Bus Termination 
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MC3446A 


MAXIMUM RATINGS (T, = 25°C unless otherwise noted.) 






PS CRating «Symbol | Value [Unk] 
Pieput Voluge rr | 
FOrwver Output Curent | foypy [150 | ma _ 
[uncon Temperate ———SSSSC*d Ss Pts (|i 


ELECTRICAL CHARACTERISTICS 
(Unless otherwise noted, 4.5 V < Vcc < 5.5 V and 0 < Ty < 70°C, typical values are at Ta = 25°C, Voc = 5.0 V) 


Po Characteristic | Symbot_ Min | typ | Max | nit | 


DRIVER PORTION 


Input Voltage — Low Logic State 
Input Current — High Logic State 
(Vip = 2.4V) 
Input Current — Low Logic State 
(Vi_ = 0.4 V, Voc = 5.0 V, Ta = 25°C) 
Input Clamp Voltage 
(ly = -12 mA) 
Output Voltage — High Logic State (1) 
(ViH(S) = 2.4 V or Vin(p) = 2.0 V) 
Output Voltage — Low Logic State 
(ViL(s) = 98 V, ViL(D) = 9.8 V, lot (D) = 48 mA) 
Input Breakdown Current 
(Vi(p) = 5.5 V) 
RECEIVER PORTION 
Input Hysteresis 


Output Voltage — High Logic State 


(ViH(R) = 2.0 V, FOH(R) = -400 HA) 
Output Voltage — Low Logic State 
(Vit(R) = 9-8 V, loLiR) = 80mA) 


Output Short-Circuit Current 
(ViH(R) = 2.0 V) (Only one output may be shorted at a time) 


BUS LOAD CHARACTERISTICS 
Bus Voltage (ViH(e) = 24 V) 
(IRpus =-12 mA) 
Bus Current (ViniD)= 24 V,Vgus250 V) 
(ViH(D) = 2-4 V, Vaus = 0.5 V) 
(Vgus <5.5 V) 
(Vec =0,0 V < Veus < 2.75 V) 
TOTAL DEVICE POWER CONSUMPTION 
Power Supply Current 
(All Orivers OF F) 
(All Orivers ON) 


SWITCHING CHARACTERISTICS (Vcc = 5 0V, Ta = 25°C) 


Characteristic 





DRIVER PORTION 


Propagation Delay Time from Driver input to Low Logic State Bus Output] tpHL(D) ee Ee ee ee 
Propagation Delay Time from Driver Input to High Logic State Bus Output] tpLH(D ee ee eee ee eee 


Propagation Delay Time from Enable Input to Low Logic State BusOutput{ tpH1(E) 


Propagation Delay Time from Enable Input to High Logic State Bus Output | tpLH(e) 2 eis 2] 





RECEIVER PORTION 





Propagation Delay Time from Bus Input to High Logic State ReceiverOutput}] tpLH(R) fT = [so [ns | 
Propagation Delay Time from Bus Input to Low Logic State Receiver Output] tpHL(R) fo o- [ - f[ 40 | ons | 





MC3446A 


FIGURE 1 — TEST CIRCUIT AND WAVEFORMS FOR PROPAGATION DELAY TIME FROM 
RECEIVER INPUT (BUS) TO OUTPUT 


To Scope 
(Output) +5.0 













3.0 V 
t t 
io 7 50% 50% To Scope Receiver 1k 
(Input) 


Output 





Driver 
Input 


tPLH(R) TPHL(R) 
VOH —, 
Output 1.5V 15V 
VoL 


Enable 
Input 









Pulse 
Generator 


FIGURE 2 — TEST CIRCUIT AND WAVEFORMS FOR PROPAGATION DELAY TIME FROM 
DRIVER AND COMMON ENABLE INPUTS TO OUTPUT (BUS) 


To Scope +5.0 V 


(input) To Scope 


(Output) 3.0 V 
Driver Input 
or Enable 50% ace 
ov 
TPLH(D) tPHL(D) 
o VoH ————r 
o ra Output 15V 15V 
o Oo Enable i 50 pF VoL 
= Input 


* Includes Probe and Jig Capacitance 


















~ Driver 
Input 
Pulse " 
Generator 


FIGURE 3 — TYPICAL RECEIVER HYSTERESIS FIGURE 4 — TYPICAL BUS LOAD LINE 
CHARACTERISTICS 


PCA LL 
core | | 


Non-Shaded Area 
Conforms to Paragraph 


3-5 3 of IEEE 
Standard 488-1978 | 


< 
a 
t 
=z 
Lee) 
ec 
c 
> 
oC 
” 
2 
a 
a 
> 
ao 


Vo, OUTPUT VOLTAGE (VOLTS) 








ios) SAR eT AS (a 


i 20 40 60 
Vj, INPUT VOLTAGE (VOLTS) VBus, BUS VOLTAGE (VOLTS) 


(MA) MOTOROLA 


BIDIRECTIONAL INSTRUMENTATION 
BUS (GPIB) TRANSCEIVER 


This bidirectional bus transceiver is intended as the interface 
between TTL or MOS logic and the IEEE Standard Instrumentation 
Bus (488-1978, often referred to as GPIB). The required bus termi- 
nation is internally provided. 

Low power consumption has been achieved by trading a minimum 
of speed for low current drain on non-critical channels. A fast 
channel is provided for critical ATN and EO! paths. 

Each driver/receiver pair forms the complete interface between 
the bus and an instrument. Either the driver or the receiver of each 
channel is enabled by a Send/Receive input with the disabled output 
of the pair forced to a high impedance state. The receivers have 
input hysteresis to improve noise margin, and their input loading 
follows the bus standard specifications. 


@ Low Power — Average Power Supply Current = 30 mA Listening 
75 mA Talking 
Eight Driver/Receiver Pairs 
Three-State Outputs 
High Impedance Inputs 
Receiver Hysteresis — 600 mV (Typ) 
Fast Propagation Times — 15-20 ns (Typ) 
TTL Compatible Receiver Outputs 
Single +5 Volt Supply 
Open Collector Driver Output with Terminations 
Power Up/Power Down Protection (No Invalid 
Information Transmitted to Bus) 
No Bus Loading When Power is Removed From Device 
Required Termination Characteristics Provided 





MAXIMUM RATINGS (Ta = 25°C unless otherwise noted) 


Input Voltage 
Driver Output Current 
Junction Temperature 


TYPICAL MEASUREMENT 
SYSTEM APPLICATION 


Instrument 
A 
(With GPIB) 


Programmable 
Calculator 
(With GPIB) 
Instrument 
B 
(With GPIB) 


16 Lines Total 
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—F—O Bus — Indic Bus 
Terminations 
G 





MC3447 


OCTAL BIDIRECTIONAL 
BUS TRANSCEIVER 
WITH 
TERMINATION NETWORKS 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


L SUFFIX 
CERAMIC PACKAGE 
CASE 623 


P3 SUFFIX 


PLASTIC PACKAGE 
CASE 724 









Vcc 
ates 


nd 








MC3447 


ELECTRICAL CHARACTERISTICS 
(Unless otherwise noted 4.50 V< Vcc < 5.50 V and 0 < Ta < 70°C; typical values are at Ta = 25°C, Vcc = 5.0 V) 


Characteristic — Note 2 Typ 


V (Bus) 
Vic(Bus) 
















Bus Voltage 
* (Bus Pin Open)(Vi(s/R) = 0.8 V) 

(I(Bus) = -12 mA) 

Bus Current 

(5.0 V < V(pys) < 5.5 V) 

(V(Bus) = 0.5 V) 

(Vcc =O V,0V < V(Bus) < 2.75 V) 


Receiver Input Hysteresis 
(Vi(s/R) = 0.8 V) 
Receiver Input Threshold 


(Vi(s/R) = 08 V) Low to High VILHIR) 
High to Low VIHLIR) 


Receiver Output Voltage — High Logic State VOHIR) 24 
(Vi(S/R) = 9.8 V, IOH(R) = ~200 BA, Vigus) = 20 V) 







3 
> 


oO 
~ 















nN 
oO 














Receiver Output Voltage — Low Logic State 
(Viis/R) = 98 V. IoLiR) = 40 MA, (V(Bus) = 9 8 V 

Receiver Output Short Circuit Current mz 
(Vi(S/R) = 98 V, V(Bus) = 2-0 V) 

Driver Input Voltage — High Logic State VIH(D) 2.0 
(Vi(s/R) = 2.0 V) al 

Oriver Input Voltage — Low Logic State VIL(D) 
(Vi(s/R) = 2.0 V) eee 


Driver Input Current — Data Pins 
(Vi{S/R) = 2.0 V) 

(O05 < Vip) < 2.7 V) 

(Vi(p) = 5.5 V) 

Input Current — Send/Receive 
(0.5 < Vi(s/p) < 2.7 V) 1(s/R) 


(Vi(S/R) = 55 V) 'iBiS/R) 


Driver Input Clamp Voltage ViciD) 
(Vi(S/R) = 20 V, lic(D) = 18 mA) 


3 


3 






N 
psy 
fo] 
a 
& 
> 





















ee 


Driver Output Voltage — High Logic State 25 
(Vis/R) =20V.Vin(p) = 2.0 V) 

Driver Output Voltage — Low Logic State (Note 1) 
(Vi(s/R) =20V, Vit(D) = 9.8 V, lov(D) = 48 mA) 

Power Supply Current 


(Listening Mode — All Receivers On) 
(Talking Mode — All Drivers On) 










NW 
ao 
i 
= 
oa 
E 


Propagation Delay of Driver 
(Output Low to High) tPLH{D) 
(Output High to Low) tPHL(D) 


Propagation Delay of Receiver (Channels 0 to 5, 7) 


(Output Low to High) tPLH(R) 

(Output High to Low) TPHL(R) 
Propagation Delay of Receiver (Channel 6, Note 3) 

(Output Low to High) tPLH(R) 

(Output High to Low) tPHLI(R) — 





NOTES 1. The IEEE 488-1978 Bus Standard Changes Vo_(p) from 0.4 to0 5 V maximum to permit the use of Schottky technology. 


2. Specified test conditions for V4(s/R) are 0.8 V (Low) and 2.0 V (High). Where V4(s/R) 's specified as a test condition, V1(S/R) 
uses the opposite logic levels. 

3. In order to meet the [EEE 488-1978 standard for total system delay on the ATN and EO! channels, a fast receiver has been 
provided on Channel 6 (pins 9 and 16). 
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MC3447 


SWITCHING CHARACTERISTICS (continued) (Vcc = 50 V, Ta = 25°C unless otherwise noted) ° 


Po Characteristic Symbol Min Typ | Max | Unit 


Propagation Delay Time — Send/Receiver to Data 
























Logic High to Third State tpH2(R) 
Third State to Logic High tpZH(R) 
Logic Low to Third State tPLZ(R) 


Third State to Logic Low 
Propagation Delay Time — Send/Receiver to Bus 
Logic Low to Third State tPLZ(D) 
Third State to Logic Low tPZL(D) 


tPZL(R) 






PROPAGATION DELAY TEST CIRCUITS AND WAVEFORMS 


FIGURE 1 — BUS INPUT TO DATA OUTPUT (RECEIVER) 
To Scope 


(Output) +50V 
30V 












Input To Scope 


Ov (Input) 
tPHL(R) 


VOH 










TPLH(R) 





Output 





f= 1.0 MHz VoL 


tTLH = tTHL < 5 Ons (10-90) 


Duty Cycle = 50% 
*Includes Jig 


Rec and Probe Capacitance 


Pulse 
Generator 


FIGURE 2 — DATA INPUT TO BUS OUTPUT (DRIVER) 


. To Scope 30's 


(Input) 









To Scope 


(Output) 3.0 V 
O 












Oriver input 
or Enable 


51 
ane tPLH(D) tPHL(D) 
Generator VOH 
Output 
30 pF 

sf 3 VoL 
i = f= 10MHz 
* Includes J = 

ncludes Jig = tTLH = tTHL © 5.0 ns (10-90) 


and Probe Capacitance Dp Cycl 50 
uty Cycle = % 


FIGURE 3 — SEND/RECEIVE INPUT TO BUS OUTPUT (DRIVER) 


To Scope 
(Output) 
3.0V 
Input ou 
= Output Vz *3.0V 















To Scope 51 Low to Open 10% O8Vy L 
(Input) _— S Ov 
Bi ee “i tPLZ(D) -*tPzLip) 
Generator 3.0 V f=10MHz 

C_ = 30pF (Includes Jig and . tTLH = tTHL = <5 Ons(10-90) 


Probe Capacitance 
= Duty Cycle = 50% 
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MC3447 





FIGURE 4 — SEND/RECEIVE INPUT TO DATA OUTPUT (RECEIVER) 


50V Input 
To Scope Y 
(Output) 
54 1.2k 
2H Bus Output 


High to Open 


= LN CL 2H 600 Output 
To Scope Low to Open 
(Input) 


Pulse Ci = 15 pF (Includes Jig 
Generator and Probe Capacitance) 









ov 
[+ tezLiR) 


tPLZ(R) 






f= 1.0 MHz 
trLH = trHL = < 5 Ons (10-90) 
a. Duty Cycle = 50% 


FIGURE 5 — TYPICAL RECEIVER HYSTERESIS 
CHARACTERISTICS FIGURE 6 — TYPICAL BUS LOAD LINE 


Non-Shaded Area 
Conforms to 
Paragraph 3-5 3 0 


Igus. BUS CURRENT (mA) 


IEEE Standard 
488-1978 


Vo. OUTPUT VOLTAGE (VOLTS) 





V,, INPUT VOLTAGE (VOLTS) Vpuys, BUS VOLTAGE (VOLTS) 


FIGURE 7 — SUGGESTED PRINTED CIRCUIT BOARD LAYOUT USING MC3447s AND MC68488 


1 MC68488 


< 
Qa 
oO 


° 
ce) 2 MC3447s 
12) 
ce) 






evice A 
Device B 


ooo 000000000000 





Jumper or second 
level metal 
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MC3447 


IEEE 488-1978 BUS 


DAV 


DIO1 


0103 


DIOS 


DIO7 


NDAC 


EOl 


lFc 


SRQ 


0102 


DIo4 


DIO6 


Dios 


NRFD | 


ATN 


REN 


Loss 


gai 


FIGURE 8 — SIMPLE SYSTEM CONFIGURATION 


STEELE 


Trig 


+5 V 


MC68488 
GPIA 


oink lee hele ceaiied 
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MC6802 
or 
MC6800 
MPU 


° 
° 
° 
° 
e 
e 
° 
e 
1 


> 


2 
ie) 


NOTE 1: Although the MC3447 transceivers 
are non-inverting, the 488-1978 bus callouts 
appear inverted with respect to the MC68488 
pin designations. This is because the 488-1978 
Standard is defined for negative logic, while all 
M6800 MPU components make use of positive 
togic format. 


MC3447 


FIGURE 9 — SUGGESTED PIN DESIGNATIONS FOR USE WITH MC68488 


MC68488 
Connections. 


MC3447 Pin Designations 


S/R (0) 
Data 0 0 
Data 1 
Data 2 
Data 3 
Data 4 
Data 5 
S/R (5) 
Data 6 
Data 7 
S/R (6) 
Logic Gnd 


= 


Octal 
GPIB 
Transcerver 


2 
3 
4 
5 
6 
7 
8 
9 


= = le 
Ny + Oo 





MC68488 
Connections 


BusO 
Bus 1 






Bus 2 MC68488 
GPIA_ |!nstrument 
Bus 3 
Bus 4 
Bus 5 
= MC3447 
S/R (1-4) (2) 


Bus 6 
Bus 7 
S/R (7) 
Bus Gnd 
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(A) MOTOROLA 


BIDIRECTIONAL INSTRUMENTATION 
BUS (GPIB) TRANSCEIVER 

This bidirectional bus transceiver is intended as the interface 
between TTL or MOS logic and the IEEE Standard Instrumentation 
Bus (488-1978, often referred to as GPIB). The required bus 
termination is internally provided. 

Each driver/receiver pair forms the complete interface between 
the bus and an instrument. Either the driver or the receiver of each 


channel ts enabled by tts corresponding Send/Receive input with 
the disabled output of the pair forced to a high impedance state. An 
additional option allows the driver outputs to be operated in an 
open collector(1) or active pull-up configuration. The receivers have 
input hysteresis to improve noise margin, and their input loading 


follows the bus standard specifications. 


Four Independent Driver/Receiver Pairs 
Three-State Outputs 
High Impedance Inputs 
Receiver Hysteresis — 600 mV (Typ) 
Fast Propagation Times — 15-20 ns (Typ) 
TTL Compatible Receiver Outputs 
Single +5 Volt Supply 
Open Collector Driver Output Option(1) 
Power Up/Power Down Protection 
(No Invalid Information Transmitted to Bus} 
No Bus Loading When Power Is Removed From Device 
Required Termination Characteristics Provided 


(1) Selection of the ‘Open Collector” configuration, in fact, selects an open collector device 
with a passive pull-up load/termination which conforms to Figure 7, IEEE 488-1978 
Bus Standard. 


MAXIMUM RATINGS (T, = 25°C unless otherwise noted) 


Storage Temperature Range 


TYPICAL MEASUREMENT 
SYSTEM APPLICATION 


Instrument 
A 
(With GPIB) 


Instrument 
B 
{With GPIB) 


Programmable 
Calculator 
(With GPIB) 


16 Lines Total 
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MC3448A 


QUAD THREE-STATE 
BUS TRANSCEIVER WITH 
TERMINATION NETWORKS 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


L SUFFIX 
CERAMIC PACKAGE 
CASE 620 


1 
P SUFFIX 
PLASTIC PACKAGE 
CASE 648 


Send/Rec. 


Input A | 


| | Enable 


Input C-D 


Send/Rec, 


[2 | Input C 





TRUTH TABLE 


| Enable | info Flow | Comments 


Send/Rec 


X + Don’t Care 





MC3448A 


ELECTRICAL CHARACTERISTICS 
(Unless otherwise noted 4.75 V < V¢c < 5.25 V andO < Ta < 70°C; typical values are at Ta ™ 25°C, Voc = 5.0 V) 


[Characteristic ——SSCSS*dSCSCSvenbot_ in [tye [Max [Unit 


Bus Voltage 
(Bus Pin Open)(Vi(s/p) = 0.8 V) Vipus) 
(1(BUS) =-12 mA) Vic(BUS) 
Bus Current 
(5.0 V < Vigus) < 5.5 V) 
(Vipus) = 0.5 V) 
(Voc =0 V,0 V < V(gus) < 2.75 V) 
Receiver Input Hysteresis 
(Vi(s/R) = 0.8 V) 
Receiver Input Threshold 
(Vi(s/R) = 0.8 V, Low to High) 
(Vi(s/R) = 0.8 V, High to Low) 
Receiver Output Voltage — High Logic State 
(Vi(S/R) = 0.8 V, IoH(R) = -800 HA, Vigus) = 2.0 V) 
Receiver Output Voltage — Low Logic State 
(Vi(s/R) = 0.8 V, IOLI(R) = 16 MA, V(BUS) = 08 V) 
Receiver Output Short Circuit Current 
(Vi(s/R) = 0.8 V. Vipus) = 2.0 V) 
Driver Input Voltage — High Logic State 
(Vi(s/R) = 2.0 V) 
Driver Input Voltage — Low Logic State 
(Vi(s/R) = 2.0 V) 
Driver Input Current — Data Pins 
(Vi(s/R) = VI(E) = 2-0 V) 
(0.5 < V\(p) < 2.7 V) 
(Vi(p) = 5.5 V) 
Input Current — Send/Receive 
{0.5 < Vi(s/R) < 2.7 V) N{S/R) 
(Vi(s/R) = 5.5 V) N1B(S/R) 
{nput Current — Enable 
(0.5 < VE) < 2.7 V) 
(Vice) = 5.5 V) 


Driver Output Voltage — High Logic State 

(Vi(s/R) = 2.0 V, ViH(D) = 2.0 V, VIH(E) = 2.0 V, IoH = -5.2 mA) 
Driver Output Voltage — Low Logic State (Note 1) 

(Vi(S/R) = 2.0 V, IoL(D) = 48 mA) 


Output Short Circuit Current 
(Vi(s/R) = 2.0 V, ViIH(D) = 2.0 V, ViH(E) = 2.0 V) 
Power Supply Current cee 


(Listening Mode — All Receivers On) 
(Talking Mode — All Drivers On) 





SWITCHING CHARACTERISTICS (Vcc = 5.0 V, Ta = 25°C unless otherwise noted) 


Propagation Delay of Driver 
(Output Low to High) tPLH(D) 
(Output High to Law) tPHL(D) 
Propagation Delay of Receiver 


(Output Low to High) tPLH(R) 
(Output High to Low) tPHL(R) 





NOTE 1. A modification of the IEEE 488-1978 Bus Standard changes Vc, (p) from 0.4 to 0.5 V maximum to permit the use of 
Schottky technology. 
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MC3448A 


SWITCHING CHARACTERISTICS (continued) (Vcc = 5.0 V, Ta = 25°C unless otherwise noted) 

















Turn-On Time — Enable to Bus 
Pull-Up Enable to Open Collector 
Open Collector to Pull-Up Enable 
















Pp C*Charactoristic |S Symbols] Min, S| Typ | Max [Unit | 
Propagation Delay Time — Send/Receive to Data 
Logic High to Third State tPHZ(R) 30 
Third State to Logic High tPZHIR) 30 
Logic Low to Third State tPLZ(R) 30 
Third State to Logic Low tPpZL(R) 30 
Propagation Delay Time — Send/Receive to Bus 
Logic High to Third State tPHZ(D) 30 
Third State to Logic High tPZH(D) 30 
Logic Low to Third State tPLZ(D) 30 
Third State to Logic Low tpZL(D 30 
















tPOFF(E) 
tPON(E) 


PROPAGATION DELAY TEST CIRCUITS AND WAVEFORMS 


FIGURE 1 — BUS INPUT TO DATA OUTPUT (RECEIVER) 












3.0V 


To Scope 


(Output) +5.0V 







Input 1.5V To Scope 240 
ov (Input) 
tPLH(R) tPHL(R) 
Vou 
Output 1N916 











f= 1.0 MHz VoL or Equiv. 
tTLH = tTHL <5 Ons (10-90) 
Duty Cycle = 50% 

Pulse *tncludes Jig and 

Generator Probe Capacitance 





FIGURE 2 — DATA INPUT TO BUS OUTPUT (DRIVER) 


To Scope 30V 


(Input) 






To Scope 


Pulse 
Generator 


*Includes Jig 
and Probe Capacitance 


(Output) 2.3 V 


383 








Oriver Input 
or Enable 


tPLH(D) 


Output 


f= 1.0 MHz 
tT LH = tTHL S 5 Ons (10-90) 
Duty Cycle = 50% 


FIGURE 3 — SEND/RECEIVE INPUT TO BUS OUTPUT (DRIVER) 







To Scope 









3.0V 











@ZL (Output) Input 
Ov 
f Pull-Up Zu tPZH(D) 
Enable Bus Vou 
O Output 
JES, wea: 2H 13.5 High to Open 
a. ies ae 
ve ne eR Output SH VzZF11V 
(Input 1.1V Low to Open 70s osv VoL 
Pulse —j—| ————__________. | — 
Generator tPLZ(D) tPZL(0) 





C. = 15 pF (includes Jig and 
Probe Capacitance 
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f= 1.0 MHz 
tTLH = tTHL = © 5 Ons (10-90) 
Duty Cycle = 50% 





MC3448A 


FIGURE 4 — SEND/RECEIVE INPUT TO DATA OUTPUT (RECEIVER) 






5.0 V anpUt 
To Scope ’ 
3.0 V (Output) 
280 
Output 
High to Open 





f= 1.0 MHz 
and Probe Capacitance) tTLH = trHL = © 5 Ons (10-90) 


Cy. = 15 pF (Includes Jig 


= - ZH k Output 
To Scope 3 Low to Open 
(Input) 


Duty Cycle = 50% 





FIGURE 5 — ENABLE INPUT TO BUS OUTPUT (DRIVER) 


3.0V 
Enable Input 1.5V 1.5V 
ov 
tPON(E) tPOFF(E) 
480 Output 20 eee ii 
= 1.0V Voc 


To Scope 
(Output) 


] Pull-Up 
Data Enable Bus 


eine 5 
lass 
























To Scope 
(Input) 





esha? 1 CL = 15 pF (Includes Jig f= 1.0 MHz 
and Probe Capacitance tTLH = tTHL = © 5.0 ns (10-90) 
ae Duty Cycle = 50% 
FIGURE 6 — TYPICAL RECEIVER HYSTERESIS 
CHARACTERISTICS FIGURE 7 — TYPICAL BUS LOAD LINE 
50 

a a ee ee ee ee ee 
B40 ae Voc = 5.0V a ——- 
a (psc el (a es 
> = 
lta A ules eee 
Se ee eee Pi Oe 
cae ae ee ee ee Non Shaded Area 
lee ee Se poe ys 
S45 el OS a EE ee ne ae = IEEE Standard 
sci, A (OaD SS | eet (i ON (eed 

EES GSES EE ee ee Fes 

0 ies ine a ma secs are ae 
0 05 1.0 5 J 
Vj), INPUT VOLTAGE (VOLTS) Vaus, BUS VOLTAGE (VOLTS) 
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MC3448A 


IEEE 488-1978 BUS 


Management 


Bus 


Hand-shake 


Bus 


Data 


€0I 


SsRa 


REN u 


(FC 
I 


ATN 
! 
! 
NDAC 


I 
NRFO 


DAV 


DIO1 


FIGURE 8 — SIMPLE SYSTEM CONFIGURATION 





MC68488 
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+5 V 





GPIA 


Ike 


MC6802 
OR 
MC6800 


Address MEM 


AD 





NOTE 1: Although the MC3448A transceivers 
are non-inverting, the 488-1978 bus callouts 
appear inverted with respect to the MC68488 
pin designations. This is because the 488-1978 
Standard is defined for negative logic, while 
all M6800 MPU components make use of 
positive logic format. 


NOTE 2: Unless proper considerations are 
provided, it ts recommended that the pull-up 
enable pins on the MC3448As be grounded, 
selecting the open-collector mode. 


(A) MOTOROLA 


Specifications and Applications 
Information 


QUAD MTTL COMPATIBLE 
LINE RECEIVERS 


The MC3450 features four MC75107 type active pullup line 
receivers with the addition of a common three-state strobe input. 
When the strobe input is at a logic zero, each receiver output state is 
determined by the differential voltage across its respective inputs. 
With the strobe high, the receiver outputs are in the high impedance 
state. 

The MC3452 is the same as the MC3450 except that the outputs 
are open collector which permits the implied ““AND”’ function. 

The strobe input on both devices is buffered to present a strobe 
loading factor of only one for all four receivers and inverted to 
provide best compatability with standard decoder devices. 


@ Receiver Performance Identical to the Popular 
MC75107/MC75108 Series 

@ Four Independent Receivers with Common Strobe Input 

®@ Implied “AND” Capability with Open Collector Outputs 

e@ Useful asa Quad 1103 type Memory Sense Amplifier 


FIGURE 1 — A TYPICAL MOS MEMORY SENSING APPLICATION FOR A 
4-K WORD BY 4-BIT MEMORY ARRANGEMENT EMPLOYING 
1103 TYPE MEMORY DEVICES 


1K WORD 1K WORD 1K WORD 1K WORD 
MOS MEMORY MOS MEMORY MOS MEMORY MOS MEMORY 
1K WORD 1K WORD 1K WORD 1K WORD 
MOS MEMORY MOS MEMORY MOS MEMORY MOS MEMORY 
1K WORD 1K WORD 1K WORD 1K WORO 
MOS MEMORY MOS MEMORY MOS MEMORY MOS MEMORY 
1K WORD 1K WORD 1K WORD 1K WORD ! 
MOS MEMORY MOS MEMORY MOS MEMORY MOS MEMORY . ODATA BIT #4 
200 


OATA BIT OUTPUT #3 
ODATA BIT #3 


DATA BIT OUTPUT #2 
O DATA BIT #2 


DATA BIT OUTPUT #1 


18k O DATA BIT #1 


200 
STROBE 


Only four MC3450 devices are required for a 
4-k word by 16-bit memory system. 


bos 





5-68 


MC3450 
MC3452 


QUAD LINE RECEIVERS 
WITH COMMON THREE-STATE 
STROBE INPUT 


SILICON MONOLITHIC 
INTEGRATED CIRCUITS 


L SUFFIX P SUFFIX 
CERAMIC PACKAGE PLASTIC PACKAGE 
CASE 620 CASE 648 


CONNECTION DIAGRAM 


TRUTH TABLE 
OUTPUT 
INPUT STROBE | MC3450 | MC345 
L Off 


LS) 


-25 mv < 
Vip <+25 mv 


=> 


L = Low Logic State 

H = High Logic State 

Z = Third (High Impedance) State 
| = Indeterminate State 





MC3450, MC3452 


MAXIMUM RATINGS (Ta = 0 to +70°C unless otherwise noted.) 


Common-Mode Input Voltage Range 


Strobe Input Voltage 


Power Dissipation (Package Limitation) 
Ceramic Duat In-Line Package 
Derate above T, = +25°C 


Plastic Dual In-Line Package 
Derate above Ta = +25°C 


Operating Temperature Range 


Storage Temperature Range ; 


Power Supply Voltages 


Output Load Current 

Differentiat-Mode Input Voltage Range 
Common-Mode Input Voltage Range 

Input Voltage Range (any input to Ground) 


Symbol 


High Level Input Current to Receiver Input yoy | 7 
Low Level Input Current to Receiver Input Nea) 


eae 
High Level Input Current to Strobe Input aie 
ViH{S) = +2.4 V 
ViH(s) = +5.25 V 
Low Level Input Current to Strobe Input i a 
ViH(s) = +0.4 V 
[High Level Oput Varoge | von [3 
[High Level Ovipit Unakage Curent | “Torx J 3 
[ow Lave Output Vahags | “Vor [3] 
Shorten Outpt Goment [los [6 | 
8 | 
| 4 
Be 


Output Disable Leakage Current 
High Logic Level Supply Current from Vcc ICCH 4 


High Logic Level Supply Current from Veg } teen 


3 
3 
3 
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MC3450, MC3452 


FIGURE 2 — CIRCUIT SCHEMATIC 
(1/4 Circuit Shown) 


Veco 


INPUT 


VEE O 


TO OTHER 
RECEIVERS 





Dashed components apply to the MC3450 circuit only. 


TEST CIRCUITS 


FIGURE 3 — Icex, VOH. AND VoL 


+4.75 V 





+0.8 V MC3450 


MC3452 








v3 
v4 


(MC3452) 


+5.25 ve-(a)-o 


'CEx 


"nf Vv )VoH oF VoL 
= (MC3450) : 


FIGURE 4 — IccH AND lEEH 


+30V 








O Oo +5.25 V 
3 ra 
te E 
O MC34S0 re | 
| oF MC3452 re 525 V 
en 
O 


eee al 






TEST TABLE 


aces Cans | eas | woes | wCSasO [MC [wcoesO| wea] TN 












onfsov [ - [zersv} - | ono | - |[sov[ - |"*™ 
[- faery Teno 








Rae] EC SC 
~ [raav [aov 2arav|vasrsvl ono | 
oasrsv/2ersv| sev | -s0v | a0v| 


Channel A shown under test Other channels are tested similarly 


FIGURE 5 — typys) AND tL (s) 


+5.25 V 
+*30V 


-5.25 V 


ViH(s) OF 
Vitis) 
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MC3450, MC3452 


TEST CIRCUITS (continued) 


FIGURE 6 — Ios FIGURE 7 — ty 


+5.25 V 


525 V 





Channel A shown under test, other channels are tested similarly. 


Channe! A(-) shown under test, other channels are tested 
Only One output shorted at a time 


similarly. Devices are tested with V1 fram +3.0 V to -3.0 V. 


FIGURE 8 — li FIGURE 9 — loft 
+5.25 V 


+5.25 V 


-5 25 Vv 





Channel A(-) shown under test, other channels are tested 
similarly. Devices are tested with V1 from +30 V to -30 V. Output of Channel A shown under test, other outputs are 
tested similarly for V1 =04V and +2.4V. 


FIGURE 10 — RECEIVER PROPAGATION DELAY tpLy(p) AND tpHL(p) 


+5.0V 
+100 mV 
200 mV-—-—- 
Ein 
ov 
TPLH(D) 
Vou 
Ein 1N916 Eo 





or equiv 


VoL 


Ejn waveform characteristics. 


tTLH 8nd try <10 ns measured 10% to 90% 
PRR = 1.0 MHz 


Duty Cycle = 500ns 





Output of Channe! B shown under test, other channels are tested similarly. 
$1 at “A” for MC3452 

$1 at “B’’ for MC3450 

C_ = 15 pF total for MC3452 

Cy = 50 pF total for MC3450 
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MC3450, MC3452 


TEST CIRCUITS (continued) 


FIGURE 11 — STROBE PROPAGATION DELAY TIMES tpiz(s) tpzL(s) teHz(S) and tPZH(S) 









+*50V 
vi Tw [wpa [2a] 
v [rizis) [soomv | NO | Crosed | Closed | v5 F | 
Firzcis) [100mv | GNO_| closed | Open | 80eF | 






Piereis) | GND [100mV | Closed | Closed | 15 F | 
Peznisy| ONO [roomy | Op [Cond | sDer_ 


Cy includes jig and probe capacitance 
E,n waveform characteristics 
tTLH and trHL <10 ns measured 10% to 90% 
PRR =10MHz 
le Duty Cycle = 50% 





1N916 
or equiv 





Eo 


Output of Channel B shown under test, 
other channels are tested similarly. 













3.0 V------ 
Ein 
ov 
tpLz(s) tPHZ(S) tpHz(s) 
VOH 
Eo ————— Von-0.5 V 
wISV 
3.0V 3.0V. 
Ein 50% 
Ein OV—--- Ov 
ome T 
teZL(s) tpzL(s) tpZH(S) PZH(S) 
5.0V-VD4 


1.5V 





+5.0V 


+100 mV 





Ein waveform characteristics 

tT LH 89d try <10 ns measured 10% to 90% 
PRR =10MHz 

Duty Cycle = S00ns 





Output of Channel 8 shown under test, other channels are tested simifarly. 
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MC3450, MC3452 


APPLICATIONS INFORMATION 


FIGURE 13 — IMPLIED “AND” GATING 
Vref 





+50V 
ADDRESS #1 
ADDRESS #2 
ADDRESS #3 
OUTPUT 


ADDRESS #4 


The MC3452 can be used for address decoding as ilustrated 
above All outputs of the MC3452 are tied together through a 
common resistor to +5 O volts In this configuration the MC3452 
provides the “AND” function. All addresses have to be true 
before the output will go high. This scheme eliminates the need 
for an “ANO” gate and enhances speed throughput for address 
decoding. 


FIGURE 15 — SINGLE-ENDED UNI-BUS* LINE RECEIVER 
APPLICATION FOR MINICOMPUTERS 


1N914 
or equiv 3k 


+*50V 





Vref =20V 


SOV [| peer e ee 7 






DATA 
DATA BUS 


DATA 
DATA BUS 


RESS 
ADDRESS 8US ADORE 


NTR 
CONTROL BUS co, of 





MC3450 
MC3452 





STROBE * Trademark of Digital 


J Equipment Corp 


TO ADDITIONAL 
RECEIVERS 


The MC3450/3452 can be used for single-ended as well as 
differential line receiving. For single-ended line receiver appli- 
cations, such as are encountered in minicomputers, the con- 
figuration shown in Figure 15 can be used The voltage source, 
which generates Vyo¢, should be designed so that the Vref 
voltage is halfway between Voy(min) and Vo, (max), The 
maximum input overdrive required to guarantee a given logic 
state is extremely small, 25 mV maximum This low-input over- 
drive enhances differential noise immunity Also the high-input 
impedance of the line receiver permits many receivers to be 
placed ona single line with minimum load effects 


FIGURE 14 — BIDIRECTIONAL DATA TRANSMISSION 


+5.0 V Veet 
1/4 (MC4042) 
CIRCUIT 













180 
COMPUTER MEMORY 
8US BUS 
380 STROBE 
: STROBE 1/4 (MC3450) 
CIRCUIT 
The three-state capability of the MC3450 permits 
bidirectional data transmission as ilustrated. 
FIGURE 16 —- WIRED “OR” DATA SELECTION USING 
THREE-STATE LOGIC 
STROBE 
O 
OATA 
OUTPUT 
DATA 
LINES 


Al 
A2 


1/2 MC4007 
CIRCUIT 


mi 
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MC3450, MC3452 


APPLICATIONS INFORMATION (continued) 


FIGURE 17 — PARTY-LINE DATA TRANSMISSION SYSTEM 
WITH MULTIPLEX DECODING 


DATA 
INPUTS 


DATA MC3450 
INPUTS MC3452 


DATA 
INPUTS 


DATA 
INPUTS 
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DATA 
OUTPUTS 


DATA 
OUTPUTS 


DATA 
OUTPUTS 


DATA 
OUTPUTS 





(AA) MOTOROLA 


QUAD LINE DRIVER WITH 
COMMON INHIBIT INPUT 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


MTTL COMPATIBLE QUAD LINE DRIVER 


The MC3453 features four MC75110 type line drivers with a 
common inhibit input. When the inhibit input is high, a constant 
Output current is switched between each pair of output terminalis in 
response to the logic level at that channel's input. When the inhibit 
is low, all channel outputs are nonconductive (transistors biased to 
cut-off). This minimizes loading in party-line systems where a large 
number of drivers share the same line. 


@ Four Independent Drivers with Common Inhibit Input 


@ -3.0 Volts Output Common-Mode Voltage Over Entire Operating 
Range L SUFFIX 
CERAMIC PACKAGE 


@ improved Driver Design Exceeds Performance of Popular MC75110 CASE 620 


P SUFFIX 
PLASTIC PACKAGE 
FIGURE 1 — PARTY-LINE DATA TRANSMISSION SYSTEM WITH CASE 648 


MULTIPLEX DECODING 


CONNECTION DIAGRAM 


DATA rE MC3450 DATA 
INPUTS z = MC3452 OUTPUTS 


INPUT B 
OUTPUTA 
z Y 
OUTPUT B 
2 2 
OUTPUT C 
Y 2 
OUTPUT D 
INHIBIT Y 


DATA B DATA 
INPUTS OuTeuTS 


DATA DATA 
INPUTS OD OUTPUTS 


INPUT C INPUT D 


GNO Vee 


O 
DATA DATA 
iNeUTS 6 ouTPUTS 


TRUTH TABLE 
(positive logic) 


OUTPUT 
LOGIC] INHIBIT CURRENT 
INPUT | INPUT 


a 
pon | of | 
pot | on | 
Lon | off | 
Lon | of | 


a ae 
a 
a 
L = Low Logic Level 
H = High Logic Level 
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MC3453 


MA XIMUM RATINGS (T, = 0 to +70°C unless otherwise noted.) 


ee a AL 


Power Supply Voltage Vcc +7.0 a 
VEE -7.0 

Logic and Inhibitor Input Voltages tn ee 

Power Dissipation (Package Limitation) aaa 















Common-Mode Output Voltage Range VocR -5.0 to +12 Volts 
Plastic and Ceramic Dua! In-Line Packages 


1000 mw 
Derate above Tp = +25°C 6.6 =o 





Operating Ambient Temperature Range | TA] Oto +70 
Storage Temperature Range Tstg -65 to +150 
Plastic and Ceramic Dual In-Line Packages 
RECOMMENDED OFERATING CONDITIONS (See Notes 1 and 2. a 


Symbol 


Power Supply Voltages Vcc a 75. 
VEE 4.75 — 
Common-Mode Output Voltage Range VocR 
Positive 
Negative 


Note 1. These voltage values are in respect to the ground terminal. 
Note 2. When not using all four channels, unused outputs must be grounded. 








DEFINITIONS OF INPUT LOGIC LEVELS* 
Characteristic 
High-Level Input Voltage (at any input) 
Low-Level Input Voltage (at any input) 





“The algebraic convention, where the most positive limit is designated maximum, ts used with Logic Level Input Voltage Levels only. 


ELECTRICAL CHARACTERISTICS (Ta = 0 to +70°C unless otherwise noted.) 
Characteristic## 
High-Level Input Current (Logic Inputs) 
(Voc = Max, Veg = Max, Vi, = 2.4 V) 
(Voc = Max, Veg = Max, Vin, = Voc Max) 


Low-Level Input Current (Logic Inputs) 
(Vcc = Max, Veg = Max, Vi_, = 0.4 V) 
High-Level Input Current (Inhibit Input) 
(Voc = Max, Veg = Max, ViH), = 2.4 V) 
(Voc = Max, Veg = Max, Vin, = Voc Max) 
Low-Level Input Current (Inhibit Input) 


(Voc = Max, Veg = Max, Vit; = 0.4 V) 


Output Current (‘‘on” state) 
(Vcc = Max, Veg = Max) 
(Voc = Min, Veg = Min) 
Output Current (“‘off’’ state) 
(Voc = Min, Veg = Min) 
Supply Current from Vcc (with driver enabled) 
(Ving = 0.4 V, ViH, = 2.0 V) 


Supply Current from Vee (with driver enabled) 
(Vity = 0.4 V, Vin, = 2.0 V) 

Supply Current from Vcc (with driver inhibited) 
(ViLy = 04 V, Vit, = 0.4 V) 


Supply Current from Vee (with driver inhibited) 
(Vite = 0.4V, Vi_, = 0.4 V) 





#All typical values are at Vcc = +5.0 V, Veg = -5.0 V, Ta = +25°C. 
##F or conditions shown as Minor Max, use the appropriate value specified under recommended operating 
conditions for the applicable device type. 
Ground unused inputs and outputs. 
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MC3453 


SWITCHING CHARACTERISTICS (Vcc = 45.0 V, Veg = -5.0 V, Ta = +25°C.) 


Propagation Delay Time from Logic !nput to 
Output Y or Z (Ry = 50 ohms, C, = 40 pF) 
Propagation Delay Time from Inhibit Input 
to Output Y or Z (Ry = 50 ohms, Cy = 40 pF) 






FIGURE 2 — LOGIC INPUT TO OUTPUTS PROPAGATION FIGURE 3 — INHIBIT INPUT TO OUTPUTS PROPAGATION 
DELAY TIME WAVEFORMS DELAY TIME WAVEFORMS 


3.0 V / \ 3.0 V 
50% 50% (INHIBIT 


LOGIC INPUT 
INPUT 
Ov 


ov 


OUTPUT OUTPUT 
Y Y 


ov OUTPUT 2 


OUTPUT ov 
2 





TEST CIRCUITS 
FIGURE 4 — LOGIC INPUT TO OUTPUT PROPAGATION FIGURE 5 — INHIBIT INPUT TO OUTPUT PROPAGATION 
DELAY TIME TEST CIRCUIT DELAY TIME TEST CIRCUIT 


Ejn to Scope Vec = +5.0 V Voc = +5.0V 


Output 


(total) + ok 
|Ejn_ to Scope 


Channel A shown under test, the other 
channels are tested similarty. 


Channel A shown under test, the other 
channels are tested similarly. 





5-77 


MC3453 


SINGLE DRIVER 


Inhibit 
Input 


COMMON 
INHIBIT 


FIGURE 6 — CIRCUIT SCHEMATIC 
‘(1/4 Circuit Shown) 


To Remainder 
of Quad 


Outputs 


To Remainder 
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MC3481 
MC3485 


(AA) MOTOROLA 


Product Preview 


QUAD SINGLE-ENDED LINE DRIVER 


IBM 360/370 
QUAD 
LINE DRIVER 


SILICON MONOLITHIC 
The MC3481 and MC3485 are quad single-ended line drivers INTEGRATED CIRCUIT 
specifically designed to meet the 1BM 360/370 I/O specification. 
The two options of enable, fault flag and output configuration 
provide the designer flexibility in system configuration and simplifies 
fault flagging. 
Output levels are guaranteed over the full range of output load Lee 
and fault conditions. Compliance with the IBM requirements for CERAMIC PACKAGE 
fault protection, flagging, and power up/power down protection for CASE 620 
the bus make this an ideal line driver for party line operation. 


Separate Enable and Fault Flags - MC3481 
Common Enable and Fault Flag —- MC3485 
Power Up/Down Does Not Disturb Bus 
Schottky Circuitry for High-Speed 

Internal Bootstraps for Faster Rise Times 
10% Supply Tolerance 


MC3485 has LS Totem Pole Driver Output P SUFFIX 
PLASTIC PACKAGE 
CASE 648 





SPECIFICATION GUARANTEE COMPLIANCE WITH 
IBM 360/370 INPUT/OUTPUT PERIPHERAL SPECIFICATION GA22-6974-3 


MC3481 MC3485 
DUAL ENABLE COMMON ENABLE 
INDIVIDUAL FAULT FLAG COMMON FAULT FLAG 


Fault Flag 


ble C 
| | Enable CD (Open Collector) 


| Fault Flag C 


[> | Driver Output C 


See MC75125/7 and MC75128/9 Line Receivers. 





This is advance information and specifications are subject to change without notice. 


5-79 


(AA) MOTOROLA ~~ MC3486 


QUAD RS-422/423 LINE RECEIVER 


QUAD RS-422/3 LINE RECEIVER 
WITH THREE-STATE 
OUTPUTS 


Motorola‘s Quad RS-422/3 Receiver features four independent 
receiver chains which comply with EIA Standards for the Electrical 
Characteristics of Balanced/Unbalanced Voltage Digital Interface 
Circuits. Receiver outputs are 74LS compatible, three-state struc- 
tures which are forced to a high impedance state when the appropri- 
ate output control pin reaches a logic zero condition. A PNP device 
buffers each output contro! pin to assure minimum loading for either 
logic one or logic zero inputs. In addition, each receiver chain has 
internal hysteresis circuitry to improve noise margin and discourage 
output instability for slowly changing input waveforms. A summary 
of MC3486 features include: 


Four Independent Receiver Chains 
Three-State Outputs 


High Impedance Output Control Inputs | 
(PIA Compatible) 


Internal Hysteresis — 30 mV (Typ) @ Zero Volts Common Mode 
TTL Compatible 

Single 5 V Supply Voltage 

DS 3486 Second Source 


L SUFFIX 
CERAMIC PACKAGE 


CASE 620 


P SUFFIX 
PLASTIC PACKAGE 
CASE 648 


RECEIVER CHAIN BLOCK DIAGRAM 


PIN CONNECTIONS 
Three-State 
Differential Control 
inputs Input Output 


Inputs 
A 


Output 
A 
3-State 
Control 
A/C 


3-State 
Output 12] Control 
B/D 


Amplifier / a 


MT 


rae es ieee 
Amplifier 
Translator P 


Level 
Hysteresis Translator 
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MC3486 


ABSOLUTE MAXIMUM RATINGS (Note 1) 
Rating 


P50 [ma 


Output Sink Current 


Storage Temperature -65 to +150 °C 


Operating Junction Temperature °C 
Ceramic Package 
Plastic Package 





Note 1: ‘‘Absolute Maximum Ratings” are those values beyond which the safety of the device 
cannot be guaranteed. They are not meant to imply that the devices should be oper- 
ated at these limits. The ‘‘Table of Electrical Characteristics’ provides conditions for 
actual device operation. 


RECOMMENDED OPERATING CONDITIONS 


[unit 
nest rferentel Votage Range ———+|_vion | 60 | vee | 


ELECTRICAL CHARACTERISTICS (Unless otherwise noted minimum and maximum limits apply over recommended temperature and 
power supply voltage ranges. Typical values are for Ta = 25°C, Vcc = 5.0 V and Vix =0 V. See 
Note 1.) 


Input Voltage — High Logic State 
(Three-State Control) 


Differential Input Threshold Voltage (Note 4) 
(-7.0 V < Vic < 7.0 V, Viy = 2.0 V) 
(19 = -0.4 mA, Von > 2.7 V) 
(19 = 8.0 MA, Vo_ 2 0.5 V) 
Input Bias Current 
(Voc = 0 V or 5.25) (Other Inputs at 0 V) 
(V,=-10V) 
(V, =-3.0 V) 
(V; =+3.0 V) 
(Vj =+10V) 
Input Balance and Output Level 
(-70V<Vic <7.0V, Viy =2.0V, 
See Note 3) 
(19 = -0.4 mA, Vip = 0.4 V) 













(lo =80mA, Vip = -0.4 V) 


Output Third State Leakage Current 
(Vi(p) = +3.0 V, ViL = 0.8 V, VoL = 0.5 V) 
(Vi(p) = -3.0 V, Vit = 0.8 V, VOH = 2.7 V) 
Output Short-Circuit Current 
(Vip) = 3.0 V, Vin = 2.0 V, Vg =0 V) 
See Note 2) 
Input Current — Low Logic State 
(Three-State Control) 
(Vi_ = 0.5 V) 
Input Current — High Logic State 
(Three-State Contro}) 
(Vin = 2.7 V) 
(Vip = 5.25 V) 
Input Clamp Diode Voltage 
(Three-State Control) 
(Wk = -10 mA) 
Power Supply Current 
(Vip =OV) 





MC3486 


ELECTRICAL CHARACTERISTICS (continued) 
SWITCHING CHARACTERISTICS (Unless otherwise noted, Voc 


= 5.0 V and Ta = 25°C.) 


| Characteristic Symbol 


Propagation Delay Time — Differential 
Inputs to Output 
(Output High to Low) 
(Output Low to High) 


tPHL(D) 
tPLH(D) 


Propagation Delay time — Three-State 
Control to Output 
(Output Low to Third State) 
(Output High to Third State) 
(Output Third State to High) 
(Output Third State to Low) 


NOTES: 
1, All currents into device pins are shown as positive, out of device 
pins are negative. All voltages referenced to ground unless 


otherwise noted 
Only one output at a time should be shorted 





3 Refer to EIA RS422/3 for exact conditions Input balance and 
guaranteed output levels are done simultaneously for worst case. 

4. Differential input threshold voltage and guaranteed output 
levels are done simultaneously for worst case 


FIGURE 1 — SWITCHING TEST CIRCUIT AND WAVEFORMS 


Propagation Delay Olfferential Input to Output 

















To Scope To Scope 
(Input) (Output) 3.0V 
Input 15V 
ov——~;----- 

Differential tPLH(D) ‘tPHL(D) 

Inputs 6s 18 pF Vou 
Pulse 1 (Includes Probe Vo, Output # 1.3 V 1.3V 
Generator and Stray ot ee shee eT ea ce acer eee 





Capacitance) 
*3-State Control 


+1.5V 


+2.0V 


Input Pulse Characteristics 
tTLH = tTHL = 6.0 ns (10% to 90%) 
PRR = 1.0 MHz, 50% Duty Cycle 


FIGURE 2 — PROPAGATION DELAY THREE-STATE CONTROL INPUT TO OUTPUT 


To Scope 


Input Pulse Characteristics 
(Input) 3.state 


tTLH = tTHL™ 6.0 ns (10% to 90%) 
PRR = 1.0 MHz, 50% Duty Cycle 






Pulse 
Generator 


+1.5 V for tpyz and tp2yH 
~1.5 V fortp_z and tpz_ 


















To Scope 
(Output) 








+5.0V 
o—_-® 


All Dlodes 1N916 or 








cee Equivalent 
‘CL = 15 pF 5 
(Includes 
Probe and Stray 
Capacitance) {” 
tpLz tPHZ 
3.0 V 3.0 V 
Input Ein 1.5 V SW1 Closed 
‘ OVS > SW1 Closed ov-- SW2 Closed 
—tpLz SW2 Closed tepHzZ 
813V at - Vou O5V 
Output Eout 
Vv O56 Vv #1.3V 
Ob Pe ee bre I ree sy 
4 tpZH teZu 
. 3.0V route SW1 Closea 
Input 1.5.V swt Open Input SW2 Open’ 
Oov—-—- SW2 Closed Oov-— 
tpZH tTPZL 
Vou =5.0 V - Vee-— 
Output 15 V 

ov-—-— Vou SS 54 
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(AA) MOTOROLA 


QUAD RS-422 LINE DRIVER 
WITH THREE-STATE 


QUAD LINE DRIVER WITH OUTPUTS 


THREE-STATE OUTPUTS 


SILICON MONOLITHIC 


Motorola’s Quad RS-422 Driver features four independent driver INTEGRATED CIRCUIT 


chains which comply with EIA Standards for the Electrical Char- 
acteristics of Balanced Voltage Digital Interface Circuits. The outputs 
are three-state structures which are forced to a high impedance state 
when the appropriate output contro! pin reaches a logic zero condi- 
tion. All input pins are PNP buffered to minimize input loading for 
either logic one or logic zero inputs. In addition, internal circuitry 
assures a high impedance output state during the transition between 
power up and power down. A summary of MC3487 features include: 


L SUFFIX 
CERAMIC PACKAGE 
CASE 620 


Four Independent Driver Chains 

Three-State Outputs 

PNP High Impedance Inputs (P!A Compatible) 
Fast Propagation Times (Typ 15 ns) 

TTL Compatible 

Single 5 V Supply Voltage 

Output Rise and Fall Times Less Than 20 ns 
DS 3487 Second Source 


P SUFFIX 
PLASTIC PACKAGE 
CASE 648 


PIN CONNECTIONS 


Input A 1 16 Voc 


2 18 Input D 
Outputs At, P 


14 
DRIVER BLOCK DIAGRAM a Outputs D 


A/8B Control 4 
12 C/D Control 


5 
Outputs B te 


1 
Outputs C 
Input B 7 ‘al P 


Gnd 8 9 Input Cc 
Non-Inverting 


Outputs 


TRUTH TABLE 


Non-Inverting | Inverting 
Output Output 


L H L H 
Xx L Zz Zz 


L. = Low Logic State 

H = High Logic State 

X = trrelevant 

2 = Third-State (High Impedance) 


Inverting 


Output 
Control 
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MC3487 


*ABSOLUTE MAXIMUM RATINGS 


Power Supply Voltage 


Input Voltage 
Operating Ambient Temperature Range 


Operating Junction Temperature Range 
Ceramic Package 
Plastic Package 


Storage Temperature Range 





*"Absolute Maximum Ratings’’ are those values beyond which the safety of the device cannot 
be guaranteed. They are not meant to imply that the devices should be operated at these limits. 
The “Table of Electrical Characteristics” provides conditions for actual device operation. 


ELECTRICAL CHARACTERISTICS (Unless otherwise noted specifications apply 4.75 V < Vcc < 5.25 V and 0°C < Ta < 70°C. 
Typical values measured at Vcc = 5.0 V, and Ta, = 25°C.) 


Syntl 
Input Voltage — Low Logic State 
Input Voltage — High Logic State 


Input Current — Low Logic State lie 
(Vi_ = 0.5 V) 


Input Current — High Logic State 
(Vip = 2.7 Vv) 


(VjH = 5.5 V) 


Input Clamp Voltage 
(hig -18 mA) 



















< 
Qa 
rs) 


< 
Qa 
a 













+50 
+100 










Output Voltage — Low Logic State 
(lo, = 48 mA) 


Vv 
Vv 
Output Voltage — High Logic State Vv 
(loH = -20 mA) 
Output Short-Circuit Current , 
(Vin =2.0V)2 
Vv 


2.5 


§ 
> 


+100 
+100 





Output Leakage Current — Power OFF 


Output Leakage Current — Hi-Z State loL(z) 
(Vi_ = 0.5 V, Viz(z) = 0.8 V) 
(Vin = 2.7 V, ViL(z) = 0.8 V) 
lOL (off) 
(VoH = 6.0 V, Vcc = 0 V) 


Output Offset Voltage Difference! Vos-Vos 
Output Differential Voltage 1 i VE 
Output Differential Voltage Difference 1 Vt-VT 


Power Supply Current 
Iccx 
I 


(Control Pins = Gnd}3 
(Control Pins = 2.0 V) 

1. See EIA Specification RS-422 for exact test conditions. 

2. Only one output may be shorted at a time. 

3. Circuit in three-state condition. ; : 

SWITCHING CHARACTERISTICS (Vcc = 5.0 V, Ta = 25°C unless otherwise noted.) 


Characteristic Symbol 


Propagation Delay Times 
High to Low Output tPHL 
Low to High Output tPLH 


Output Transition Times — Differential 
High to Low Output tTHL 


+100 
-100 













1K 
OL 
OH 
T_. 
cc 


3 





Low to High Output tTLH 
Propagation Delay — Control to Output 

(RL = 200 2, Cy = 50 pF) tPHZ(E) 

(Ry = 200 2, C, = 50 pF) tPLZ(E) 

(RL =%, Cy =50 pF) tPZH(E) 

(RL = 200 2, Cy = 50 pF) tPZL(E) 
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FIGURE 1 — THREE-STATE ENABLE TEST CIRCUIT 
AND WAVEFORMS 


3.0 V or Gnd To Scope 
To Scope (Input) Input Output 


Inv ; 
Output Open for tez+(F) Test Only 


Pulse generator characteristics 
Z9 7502 
PRR = 1.0 MHz 
Non-tnv 


50% Duty Cycle Output 


t rt <5ns Control 
TLHe TTHL 1N3064 


Pulse or Equivalent 


Generator 


Open for 
au tp2L(e) Test Only 


Cy Includes Probe and 
Jig Capacitance 


3.0 V 


Bante 4 Control 
Input Input 


tPZL(E) 
Output 


Output 
teZH(E) 


tPLZ(E) Output 
Output 





FIGURE 2 — PROPAGATION DELAY TIMES INPUT TO 
OUTPUT WAVEFORMS AND TEST CIRCUIT 


Scope 
(Output) 


Scope 


(Input) 1Dy. 


Output 


1/4 
MC3487 


Pulse N 1 
on-iInv 
Generator ty 1N914 or 


Output 
Ci = 50 pF Equivalent 


Pulse generator characteristics 


29 =502 - Control 

PRR = 1.0 MHz 3.0V + 

50% uty Cycle CL. includes probe 
and jig capacitance 


trLH. trHL © 5 ns 


Output 


TPLH 


Output 
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MC3487 


7 FIGURE 3 — OUTPUT TRANSITION TIMES TEST CIRCUIT AND WAVEFORMS 


Scope 

R = 

Cu 1 i Q Output 
15pF7 10 (Differential) 


= 


= Cy includes probe Output 
and jig capacitance (Differential) 
Pulse generator characteristics 
2 = 5020 
PRR = 1.0 MHz 
50% Duty Cycle 


tTLH. tTHL © Sas 





FIGURE 4 — OUTPUT CURRENT versus OUTPUT VOLTAGE FIGURE 5 — OUTPUT SINK CURRENT versus OUTPUT VOLTAGE 


gH. QUTPUT CURRENT (mA) 
Ig_, OUTPUT SINK CURRENT-LOW (mA) 





0 100 200 300 400 500 600 700 = 800 


Von, OUTPUT VOLTAGE (VOLTS) Vo, QUTPUT VOLTAGE~LOW (mV) 
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(AA) MOTOROLA 


Product Preview 


DUAL RS-423/RS-232C LINE DRIVERS 


The MC3488A and MC3488B dual single-ended line drivers have 
been designed to satisfy the requirements of EIA standards RS-423 
and RS-232C, as well as CCITT X.26, X.28 and Federal Standard 
F1DS1030. They are suitable for use where signal wave shaping is 
desired and the output load resistance is greater than 450 ohms. 
Output slew rates are adjustable from 1.0 us to 100 us by a single 
external resistor. Output level and slew rate are independent of 
power supply variations or matching. Input undershoot diodes limit 
transients below ground; output current limiting is provided in both 
output states. They can be operated with supply voltages from +9.0 
to +15 V. 

The MC3488A has a standard 1.5 V input logic threshold for TTL 
or NMOS compatibility. The MC3488B input logic threshold is set 
at VCC/2 for use with CMOS logic systems. 


PNP Buffered Inputs to Minimize Input Loading 
Wide Power Supply Operating Range 

Adjustable Slew Rate Limiting 

Option of Either 1.5 V or Vcc/2 Input Threshold 
MC3488A Equivalent to 9636A 


Logic Levels and Slew Rate Independent of Power Supply 
Voltages or Matching 


TYPICAL APPLICATION 
Wave Shape 
Control 
MC3488A Driver, 
RS-423 Interface 


TTL Logic 


Wave Shape 
Control 


MC3488B Driver 
RS-423 Interface 


CMOS Logic 


This Is advance information and specifications are subject to change without notice. 
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MC3488A 
MC3488B 


DUAL 
RS-423/RS-232C 
DRIVERS 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


P1 SUFFIX 
PLASTIC PACKAGE 
CASE626 


U SUFFIX 
CERAMIC PACKAGE 
CASE 693 





PIN CONNECTIONS 


MC3486 
Three-State Receiver 





MC3488A, MC3488B 


ABSOLUTE MAXIMUM RATINGS (Note 1) 


Power Supply Voltages 


Output Current 
Source 
Sink 


TA 
Junction Temperature Range Ty 
Ceramic Package 
Plastic Package 


Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the 
device cannot be guaranteed. They are not meant to imply that the devices should 
be operated at these limits. The “Table of Electrical Characteristics’ provides 
conditions for actual! device operation. 


0 to +70 





RECOMMENDED OPERATING CONDITION 
[Characteristic | Symbol | Min | Typ] 


Power Supply Voltages 


Vcc 
VEE 
Operating Temperature Range 

Wave Shaping Resistor } Rw | 






TARGET ELECTRICAL CHARACTERISTICS (Unless otherwise noted specifications apply over 
0°C < Ta < 70°C, 9.0V < IVec. VEE I< 15 Vand 2.0k< Rw < 400 k) j 
Characteristic 
Input Voltage — Low Logic State 
MC3488A 
MC3488B 
Input Voltage ~ High Logic State 
MC3488A 
MC3488B 


Input Current — Low Logic State 
(Vj_ = 0.4 V) 

Input Current — High Logic State 
(Vij =2.4V) MC3488A 
(Vip =5.5V) MC3488A 
(Vin=Vcc) MC3488B 


Input Clamp Diode Voltage VIK 
(NK = -15 mA) 
OL 


Output Voltage — Low Logic State Vv 
(Ry = ») RS-423 


(RL = 3.0 kQ) RS-232C 
(Ry = 4502) RS-423 


Output Voltage — High Logic State 
(RL =~} RS-423 
(Ry = 3.0 kQ) RS-232C 
(RL = 4502) RS-423 


4.0 
Output Short-Circuit Current Isc+ +15 
Isc- -15 


Output Leakage Current 
(Voc = VEE =0 V,-6.0V < Vo <60V) 


Power Supply Current 
(Ry = 2.0 kQ) 
(Rw = 2.0 k&) ; 


Output Resistance 
(Ry 2 450 2) 





Note: A diode is connected in series with Vee for all test conditions. 
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MC3488A, MC3488B 


TRANSITION TIMES (Unless otherwise noted, Cy, = 30 pF, f = 1.0 kHz, Voc = 12 V, Veg = -12 V, Ta = 25°C, 
Rx. = 450 Q. Transition times measure 10% to 90% and 90% to 10%) 


Transition Time, Low to High State Output 
(Ry = 10 kQ) 
(Ry = 100 k&) 
(Ry = 500k) 
(Ry = 1000 kX) 


Transition Time, High to Low State Output 
(Rw = 10kQ) 
(Ry = 100 kQ) 
(Ry = 500 kQ) 
(Ry = 1000 kQ) 





FIGURE 1 — TEST CIRCUIT & WAVEFORMS 
FOR TRANSITION TIMES 


To To 
Scope Scope 
(Input) (Output) 


Pulse 
Generator CL 


(Includes 
f=1.0 kHz Probe and Jig 
Capacitance) 


3.0V  (MC3488A) 
eorVcc (MC3488B) 


Input 


Ov 





FIGURE 2 — OUTPUT TRANSISTION TIMES 
versus WAVE SHAPE RESISTOR VALUE 


100 


10 


WAVE SHAPE RESISTOR, Ry (k®) 





TRANSITION TIMES, truu/trHe (us) 
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mc3490 MC3494 


ANODE (DIGIT) DRIVERS FOR 
GAS-DISCHARGE DISPLAYS 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


(AA) MOTOROLA 


SEVEN-DIGIT GAS-DISCHARGE DISPLAY DRIVERS 


Seven channel digit (anode) drivers, the MC3490 and MC3494 
are specifically conceived to be used with high-voltage, gas-discharge PIN CONNECTIONS 
numeric displays such as the Burroughs’ Panaplex®, Beckman (Sperry) MC3490 
Cherry, or Diacon displays . 

The MC3490 version is configured such that a high logic level P SUFFIX 
input causes the driver to turn on while the MC3494 requires a low PLASTIC 
logic level to turn the drivers on. Both devices are designed to mate bate aie 
with the MC3491 cathode (segment) driver. 

With a lowinput current requirement of only 300 yA typically, 
these devices are compatible with popular MOS chips. 

Minimum breakdown voltage is specified at 48 V and output 
drive current capability is typically 30 mA per channel. 

High Breakdown Voltage — 55 V Typical 

Low Input Current for MOS Compatibility 

Available with Either Active High or Active Low Inputs 

Operable from Either Positive or Negative Supply Voltages 

Input Clamp Diodes on MC3494 Version for DC Restoration 


Internal Pull-down Resistors 


TYPICAL APPLICATION 
WITH CAPACITIVE LEVEL SHIFT TO CATHODE DRIVER 





Yoo Vss 


MOS 
Calculator 
or Clock Circuit 





sli 


Gas-Discharge 
Visual Display 


0.1 WF 


ern, (8) Segments 
Typ - a (Cathodes) 
; (8) 390 k 


2a Gl bo SRN VV 


*vV 
ee Digits 


Segment (Anodes) 
Outputs 


: 


= 





*Vcc is tied to the most positive 
voltage of the MOS circuit 


= 





® Registered Trademark of Burroughs Corporation 
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MC3490, MC3494 


MAXIMUM RATINGS Tas =25°C unless otherwise noted) 





Package Power Dissipation 
Derate above 25°C 


Junction Temperature 


Operating Ambient Temperature Range 
Storage Temperature Range 


Substrate Breakdown Voltage Vs(BR) 


— Voltage — Off State Viloff) 
VoVee (See Figures 3 and 4) 
Viton) 


Input Current — On State 
V, =00V (See Figure 4) 
V, = -7.0 V (See Figure 3) 
Input Current — Off State 
- =-15V 
=0.0V 


Input Voltage — On State 

Vo = Vcc -5.0 V (See Figures 3 and 4) 
Output Voltage — Off State 

=00V 

Vv) =-7.0V 
Output Voltage — On State 

lo = -20 mA, Vy = 0.0 V 

Io =-20 mA, V, =-7.0 V 


NOTE: Minimums and maximums are relative to absolute values. 





SYSTEM DISCUSSION 


The MC3491 and MC3490/MC3494 high voitage driver 
system is designed such that it can be floated and any 
point in the system may be tied to circuit ground. Ina 
MOS system, normally either the ground pin on the 
MC3491 is tied to the most negative MOS voltage; or 
the Vcc pin on the MC3490/MC3494 is connected to 
the most positive MOS voltage. In the electrical character- 
istics table, this Vcc voltage is assumed to be 0.0 volts. 
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The MC3490/MC3494 provides its own internal voltage 
reference when a current (~100 yA to -5 mA) is drawn 
atthe Veg pin (Pin 8). This can be provided by connecting 
a resistor from Pin 8 to the high voltage reference on the 
cathode driver or any other voltage more negative than 
Vcc -60 V. This voltage (Pin 8) is approximately -55 V 
and provides a referencefor the pull-down function for 
each channel. 


MC3490, MC3494 


leg, SUBSTRATE CURRENT (mA) 


TYPICAL PERFORMANCE CHARACTERISTICS 


FIGURE 1 — SUBSTRATE CURRENT versus 
SUBSTRATE VOLTAGE ; 











Vee, SUBSTRATE VOLTAGE (VOLTS) 


Vee, SUBSTRATE VOLTAGE (VOLTS) 


FIGURE 3 ~ OUTPUT VOLTAGE and INPUT CURRENT 
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versus INPUT VOLTAGE 


-20 -30 40 





50 


V,, INPUT VOLTAGE (VOLTS) 


MC3494 


Vec 





-60 -710 -80 Vcc 





FIGURE 2 — PERMISSIBLE OPERATING RANGE 
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12-DIGIT CMOS GAS DISCHARGE DISPLAY 


When the number of digits for a gas discharge display 
system is greater than the number of segment drivers, it is 
generally more economical to leve! translate down to the 
cathode segments than to translate up to the digit anodes. 
An example of this technique is shown in the 12 digit 
display system where the display anodes and cathodes are 
referenced to ground and -180 V respectively. 

The positive logic CMOS address circuits are powered 
by -10 V (Vpp = 0, Vss = -10 V) with the MC14558 
decoder outputs capacitor-coupled to the MC3491 Segment 
Drivers and the scan circuit directly-coupled to the 
MC3490 Anode Drivers. Thus, only eight capacitors 
(seven segments, ohne decimal point) are required as com- 
pared to 12 capacitors, if the strobed digit drivers were 
ac coupled. 

The MC3491 has input clamp diodes allowing for de 
restoration of the segment address pulse. This high voltage 
driver (80 V) also features programmable segment current 
by the selection of a single external resistor. 

The MC3490 Anode Drivers are selected by the positive 
going output of the digit scan circuit. (If the scan circuit 
Outputs were negative going, the low logic level input 
MC3494 Anode Driver should be used.) The internal 
zener diode string of the MC3490 references the off 


drivers (and display anodes) to -50 V without the need of 
pull-down resistors. 

Digit scanning for this example is derived from two 
cascaded MC14022 Octal Counter/Drivers. The 12 se- 
quenced output pulses are achieved by resetting the 
counters with the second counter Q7 output. In addition 
to driving the two MC3490s, the counter output should 
also contro! the system multiplexer (not shown) to 
Properly synchronize the entire display system. 

The MC14558 BCD-to-Seven Segment Decoder has an 
Enable input which readily provides for display cathode 
blanking For the illustrated display, the cathode drivers 
should be turned off prior to anode switching and main- 
tained off for some period after the next anode 1s strobed. 

This cathode blanking overlap is derived by trailing 
edge time delaying the Gate 1 output of the non-symmetric 
4 kHz scan oscillator with the integrated network and 
inverter Gate 3. ' 

The high voltage power supply rise and fall times should 
be greater than the charge time of the coupling capacitors 
to prevent large transients from possible degrading the 
interface electronics. 

For this example, power supply rise and fall time of 
50 ms minimum will suffice. 


FIGURE 5 — 12-DiIGIT CMOS GAS DISCHARGE DISPLAY SYSTEM 
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3-1/2 DIGIT VOLTMETER 


This specific application provides a 3-1/2 digit DVM 
utilizing the MC1505 dual ramp subsystem and CMOS 
MC14435 digital subsystem. Interfacing between low 
voltage logic ICs and the higher voltage gas discharge 
displays requires level translation or shifting. The method 
described for the 3-1/2 Digit DVM uses directly coupled 
high voltage (200 V) transistors to translate upwa.d to the 
MC3494 i Anode Drivers. Three of the transistors com- 
prising the MPQ7042 high voltage quad transistor are used 
for this function. These transistors, connected in a com- 
mon-base, constant-current configuration, are turned on 
by the negative going digit select output pulses of the 
MC14435 The current of approximately 330 uA 1s com- 
patible with 200 wA typical input current of the MC3494 
and the sink current capability of the MC14435 

The CMOS MC14558 BCD-to-Seven Segment Decoder 
has the capability of directly driving the MC3491 Segment 
Driver, Cathode blanking ts accomplished by taking the 
clock signal from Pin 4 of the MC14435 (approximately 
50% duty cycle} and tying it to the Enable input of the 
MC14458. The display segment current is increased accord- 
ingly to 1.1 mA (manufacturers maximum specified current 


equals 1.25 mA) for this relatively large cathode blanking 
period. 

The positive and negative polarity signs are direct 
driven by the fourth transistor of the MPQ7043 and 
MPS-A42 transistor, Q2, respectively. Their dc segment 
currents are scaled to produce the same brightness as the 
multiplexed digits 

The 1/2 digit segments are driven by transistor Q1. 
Its emitter is normally referenced to ground through 
MC14572 Inverter G2, the output inverter of the Over- 
range Oscillator. 

When an overrange situation occurs, the oscillator is 
enabled, thus causing the display to flash at the oscillator 
rate (approximately 8 Hz). This 1s accomplished by blank- 
ing the 1/2 digit through Q1 and the multiplexed digits 
through diode D1 to the decoder enable input. 

See the MC1405 'and MC14435 data sheets for more 
details of DVM system. 


FIGURE 6 — 3-% DIGIT DIGITAL VOLTMETER 
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MC3490, MC3494 


12-HOUR CLOCK WITH GAS DISCHARGE DISPLAYS 

The MC3491 cathode driver and MC3494 anode 
driver, greatly simplify the interfacing of a clock chip 
(MOSTEK MK50250) to a gas discharge clock display 
(Burroughs CD60733-CM). 

TheMK50250 has a6 digit clock display with multiplex- 
ed 7 segment outputs. The MC3491 cathode drivers switch 
each display cathode between ground (on condition) and 
+75 Volts (off condition) with current limiting for the 
display provided via the current programming pin on the 
MC3491. The +75 Volt reference is obtained from a 
75-Volt zener diode. Z1. R1, and a 50-Volt zener diode 
internal to the MC3494 anode driver. 

The programming current is reduced during the time 
when the “two seconds” indicator digits are ON, to reduce 
the current through these smaller digits of the display. 
Four diodes attached to each of the “hours” and “min- 
utes” digits, provide a voltage of +180 Volts across the 
680 kQ resistor. During the “seconds” digits display time, 
the voltage 1s reduced to +130 Volts, thus reducing the 
programming current. 

The anodes for each of the six digits are switched 
between the +180 Volt positive supply and +130 Volts 
via the MC3494 anode drivers. Inter-digit blanking 1s 


provided in the anode circuits. Level translation from 
the clock chip output to the input to the MC3494 uses 
two MPQ7042 quad high voltage transistor packages oper- 
ating in an emitter follower current source mode. Each 
current source turns on one of the MC3494 drivers by 
sinking 300 pA to ground for the proper “‘on’’ digit. 

The AM/PM clock output is in the high state when 
PM 1s indicated and has a 85% duty cycle corresponding 
to each anode on time. A MC14001 Quad NOR Gate 
decodes this output to turn on the appropriate AM or PM 
indicator during the D6 digit. These Gates control the 
AM/PM display indicators with the remaining MPQ7042 
high voltage transistors which were not used in anode 
selection 

The colon separating hours and minutes is switched on 
during the units of hours digit on time. The colon cathodes 
are switched from +75 Volts to ground via T1 during the 
D5 digit time while the anodes'are switched between 
+180 and +130 Volts. 

Further information concerning operation or technical 
specifications on the MOSTEK clock chip, MK50250, and 
the Burroughs clock display, CD60733-CM is obtainable 
from the manufacturers. 


FIGURE 7 — 12 HOUR CLOCK WITH GAS DISCHARGE DISPLAY SYSTEM 
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EIGHT-SEGMENT VISUAL DISPLAY DRIVERS SEGMENT DRIVERS FOR 


GAS-DISCHARGE DISPLAYS 

The MC3491 and MC3492 are eight-segment cathode drivers for 
use with gas-discharge displays, such as the Burroughs’ Panaplex®, SILICON MONOLITHIC 
Beckman, Cherry or Diacon types. Both devices are directly compat: INTEGRATED CIRCUIT 
ible with MOS logic outputs due to their low 300 A input current 
requirement, 

All eight driver output currents are simultaneously programmable P SUFFIX 
by selection of a single external resistor. As programmed, all eight PLASTIC PACKAGE 
currents match to within typically 1% of each other. CASE 701 

Both devices provide dc restoration. The units are specified for a 
minimum breakdown voltage of 80 V. 

The MC3492 device is made for larger and higher intensity dis- 
plays requiring higher segment current. 

@ High Breakdown Voltage — 80 V Min’ 
@ Drives Seven Cathode Segments plus Decimal Point Programming uo 
@ All Currents Simultaneously Programmable with One Resistor rs 
@ MC3491 is Pin-for-Pin and Functionally Equivalent to DM8889 
@ Output Current/Programming Current Ratio — 
Typically 4.5:1 for MC3491 
9:1 for MC3492 
Companion with MC3490 and MC3494 Anode Drivers 
MC3492 Provides Increased Output Current for High 
Intensity Displays 


*Higher Voltage Selection Available 


FIGURE 1 — TYPICAL CALCULATOR APPLICATION 
WITH CAPACI TIVE LEVEL SHIFT AND ANODE DRIVER 
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MAXIMUM RATINGS (unless otherwise noted, Ta = 25°C) 
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MC3491, MC3492 


TYPICAL PERFORMANCE CHARACTERISTICS 
FIGURE 2 — OUTPUT CURRENT versus PROGRAMMING CURRENT (Ty = 25°C) 
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MC3491, MC3492 


TYPICAL PERFORMANCE CHARACTERISTICS 


FIGURE 5 — TYPICAL PROGRAMMING CURRENT versus VOLTAGE ON PROGRAMMING PIN 
(Ta = 25°C) 
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MC3491, MC3492 


3-1/2-DIGIT VOLTMETER 

This specific application provides a 3-1/2-digit DVM 
utilizing the MC1505 dua! ramp subsystem and CMOS 
MC14435 digital subsystem Interfacing between low 
voltage logic ICs and the higher voltage gas discharge 
displays requires level translation or shifting. The method 
described for the 3-1/2-digit DVM uses directly coupled 
high voltage (200 V) transistors to translate upward to 
the MC3494 Anode Drivers. Three of the transistors 
comprising the MPQ7042 high voltage quad tranststor are 
used for this function. These transistors connected in a 
common-base, constant-current configuration are turned 
on by the negative-gotng digit select output pulses of the 
MC14435. The current of approximately 330 yA is 
compatible with 200 pA typical input current of the 
MC3494 and the sink current capability of the MC14435 

The CMOS MC14558 BCD-to-Seven Segment Decoder 
has the capability of directly driving the MC3491 or 
MC3492 Segment Drivers. Cathode blanking is accom- 
plished by taking the clock signal from Pin 4 of the 
MC14435 (approximately 50% duty cycle) and tying it to 
the Enable input of the MC14458. The display segment 


current 1s increased accordingly to 1 1 mA (manufacturers 
maximum specified current equals 1.25 mA) for this 
relatively large cathode blanking period. 

The positive and negative polarity signs are direct 
driven by the fourth transistor of the MPQ7043 and 
MPS-A42 transistor, Q2, respectively Their dc segment 
currents are scaled to produce the same brightness as the 
multiplexed digits. 

The 1/2-digit segments are driven by transistor Qi 
Its emitter ts normally referenced to ground through 
MC14572 Inverter G2, the ei inverter of the Over- 
range Oscillator. 

When an overrange situation occurs, the oscillator is 
enabled, thus causing the display to flash at the oscillator 
rate (approximately 8 Hz). This is accomplished by blank- 
Ing the 1/2 digit through Q1 and the multiplexed digits 
through diode D1 to the decoder enable input 

See the MC1405 and MC14435 data sheets for more 
details of DVM system. 


FIGURE 6 — 3-% DIGIT DIGITAL VOLTMETER 
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MC3491, MC3492 


12-DIGIT CMOS GAS DISCHARGE DISPLAY 


When the number of digits for a gas discharge display 
system is greater than the number of segment drivers, it 1s 
generally more economical to level translate down to the 
cathode segments chan to translate up to the digit anodes. 
An example of this technique is shown in the 12 digit 
display system where the display anodes and cathodes are 
referenced to ground and -180 V respectively. 

The positive logic CMOS address circuits are powered 
by -10 V (Vpp = 0, Vss = -10 V) with the MC14558 
decoder outputs capacitor-coupled to the MC3491 Segment 
Orivers and the scan circuit directly-coupled to the 
MC3490 Anode Drivers. Thus, only eight capacitors 
(seven segments, ohe decimal point) are required as com- 
pared to 12 capacitors, if the strobed digit drivers were 
ac coupled. 

The MC3491 and MC3492 have input clamp diodes 
allowing for dc restoration of the segment address pulse. 
These high voltage drivers (80 V) also feature programma- 
ble segment current by the selection of a single external 
resistor. 

The MC3490 Anode Drivers are selected by the positive 
going output of the digit scan circuit. (If the scan circuit 
outputs were negative going, the low logic jevel input 
MC3494 Anode Driver should be used.) The internal 


zener diode string of the MC3490 references the off 
drivers {and display anodes) to -50 V without the need of 
pull-down resistors. 

Digit scanning for this example is derived from two 
cascaded MC14022 Octal Counter/Drivers. The 12 se- 
quenced output pulses are achieved by resetting the 
counters with the second counter Q7 output. !n addition 
to driving the two MC3490’s, the counter output should 
also control the system multiplexer (not shown) to 
properly synchronize the entire display system. 

The MC14558 BCD-to-Seven Segment Decoder has an 
Enable input which readily provides for display cathode 
blanking. For the illustrated display, the cathode drivers 
should be turned off prior to anode switching and main- 
tained off for some period after the next anode is strobed. 

This cathode blanking overlap is derived by trailing 
edge time delaying the Gate 1 output of the non-symmetric 
4 kHz scan oscillator with the integrated network and 
inverter Gate 3. , 

The high voltage power supply rise and fall times should 
be greater than the charge time of the coupling capacitors 
to prevent large transients from possible degrading the 
interface electronics. 

For this example, power supply rise and fall time of 
50 ms minimum will suffice. 


FIGURE 7 — 12-DIGIT CMOS GAS DISCHARGE DISPLAY SYSTEM 
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MC3491, MC3492 


12-HOUR CLOCK WITH GAS DISCHARGE DISPLAYS 

The MC3491 or MC3492 cathode drivers and MC3494 
anode driver, greatly simplify the interfacing of a clock 
chip (MOSTEK MK50250) to a gas discharge clock dis- 
play (Burroughs CD60733-CM). 

The MK50250 has a 6-digit clock display with multi- 
plexed 7-segment outputs The MC3491 cathode drivers 
switch each display cathode between ground (on condi- 
tion) and +75 Volts (off condition) with current limiting 
for the display provided via the current programming pin 
on the MC3491 or MC3492. . The +75 Volt reference ts 
obtained from a 75-Volt zener diode, Z1, Ri, and a 
50-Volt zener diode internal to the MC3494 anode driver. 

The programming current is reduced during the time 
when the “two seconds” indicator digits are ON, to 
reduce the current through these smaller digits of the dis- 
play. Four diodes attached to each of the “hours” and 
“minutes” digits, provide a voltage of +180 Volts across 
the 680 kQ resistor. During the “seconds” digits display 
time, the voltage 1s reduced to +130 Volts, thus reducing 
the programming current. 

The anodes for each of the six digits are switched 
between the +180 Volt positive supply and +130 Volts 
via the MC3494 anode drivers. Inter-digit blanking is 


provided in the anode circuits Level translation from 
the clock chip output to the input to the MC3494 uses 
two MPQ7042 quad high voltage transistor packages oper- 
ating in an emitter-follower current source mode. Each 
current source turns on one of the MC3494 drivers by 
sinking 300 ZA to ground for the proper “on” digit. , 

The AM/PM clock output is in the high state when 
PM is indicated and has an 85% duty cycle corresponding 
to each anode on time. A MC14001 Quad NOR Gate 
decodes this output to turn on the appropriate AM or PM 
indicator during the D6 digit. These Gates control the 
AM/PM display indicators with the remaining MPQ7042 
high voltage transistors which were not used in anode 
selection, : 

The colon separating hours and minutes is switched 
on during the units of hours digit on time. The colon 
cathodes are switched from +75 Volts to ground via T1 
during the D5 digit time while the anodes are switched 
between +180 and +130 Volts. 

Further information concerning operation or technical 
specifications on the MOSTEK clock chip, MK50250, and 
the Burroughs clock display, CD60733-CM 1s obtainable 
from the manufacturers. 


FIGURE 8 — 12-HOUR CLOCK WITH GAS DISCHARGE DISPLAY SYSTEM 
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DUAL LINE RECEIVERS 


The MC75107 and MC75108 are MTTL compatible dual line 
receivers featuring independent channels with common voltage supply 
and ground terminals. The MC75107 circuit features an active pull-up 
(totem-pole) output. The MC75108 circuit features an open-collector 
output configuration that permits the Wired-OR logic connection with 
similar outputs (such as the MC5401/MC7401 MTTL gate or additional 
MC75108 receivers). Thus a level of logic is implemented without 
extra delay. 

The MC75107 and MC75108 circuits are designed to detect input 
signals of greater than 25 millivolts amplitude and convert the polarity 
of the signal into appropriate MTTL compatible output logic levels. 


DUAL LINE RECEIVERS 


SILICON MONOLITHIC 
INTEGRATED CIRCUITS 


High Common-Mode Rejection Ratio 

High Input Impedance 

High Input Sensitivity 

Differential Input Common-Mode Voltage Range of +3.0 V 

Differential Input Common-Mode Voltage of More Than +15 V 
Using External Attenuator 

Strobe Inputs for Receiver Selection 

Gate Inputs for Logic Versatility 

MTTL or MDTL Drive Capability 

High DC Noise Margins 

MC55107 Available as JM38510/10401 


L SUFFIX P SUFFIX 
CERAMIC PACKAGE PLASTIC PACKAGE 
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CIRCUIT SCHEMATIC 
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Components shown with dashed lines are applicable to the MC75107 only. 
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MC75107, MC75108 


MAXIMUM RATINGS (Ta =0°C to +70°C unless otherwise noted) 


-7.0 
ae a Vde 


Power Dissipation (Package Limitation) 
Plastic and Ceramic Dual-In-Line Packages : 
Derate above Ta = +25°C 
-65 to +150 





tThe algebraic convention, where the most positive limit is designated maximum, ts used with Low-Level Input Voltage Level (Vip _) 


ELECTRICAL CHARACTERISTICS (Ta = 0°C to +70°C unless otherwise noted) : 


High-Level Input Current to 1A or 2A Input 
(Voc = Max, Veg = Max, Vip =O5V, Vic =-30V 
to +3.0 V) ¢ 
Low-Level Input Current to 1A or 2A Input 
(Vcc = Max, Veg = Max, Vip = -2.0 V, Vic =-30V 
to+30V) ¢ 
High-Level Input Current to 1G or 2G Input 
(Voc = Max, Veg = Max, Vi pis) = 2.4 VIF 
(Voc = Max, Veg = Max, Vitis) = Veco Max) 
1 Low-Level Input Current to 1G or 2G Input 
(Voc = Max, Veg = Max, Vit(s) = 04 V)E 
High-Level Input Current to S Input 
(Vcc = Max, Veg = Max, Vipn(s) = 24 VIE 
(Vcc = Max, Veg = Max, Vinis) = Voc Max) t¢ 


Low-Level Input Current to S Input 


(Vcc = Max, Veg = Max, Vit(s) = 0.4 Vt 


High-Level Output Voltage 
(Voc = Min, Veg = Min, lioag = —400 nA, 
Vic =-30V to +3 0V)t 
Low-Level Output Voltage 
(Voc = Min, Veg = Min, Isink = 16 MA 
Vic =-3.0 V to +3.0 V)t 
High-Level Leakage Current 
(Voc = Min, Veg = Min, Vou = Voc Max) t 
Short-Circuit Output Current # # 
(Voc = Max, Veg = Max) + 
High Logic Level Supply Current from Voc 
(Voc = Max, Veg = Max, Vip = 25 mV, Ta = +25°C) ¢ 


High Logic Level Supply Current from Vege 
(Vcc = Max, Veg = Max, Vip = 25 mV, Ta = +25°C)$ 





tFor conditions shown as Min or Max, use the appropriate value specified under recommended operating conditions for the applicable device type. 
WAIL typical values are at Voc = +5.0 V, Veg = -5 OV, Ta = +25°C. 
# #Not more than one output should be shorted at a time 
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MC75107, MC75108 


SWITCHING CHARACTERISTICS (Vcc = +5.0 V, Vege = -5.0 V, Ta = +25°C) 


fp Characteristic |S Symbol | Tost Fig. | 
Propagation Delay Time, low-to-high level from 


differential inputs A and B to output 
(RL = 390 2, CL = SOpF) 


Fig. 
tPLH(D) 7 
(Ry = 390 2, Cy = 15 pF) 
Propagation Delay Time, high-to-low level from 
differential inputs A and B to output 
(RL = 390 2, CL = 50 pF) 


(RL = 390 2, Cy = 15 pF) 


tPHL(D) 
Propagation Delay Time, low-to-high level, from strobe 
input G or S to output 
(RL = 390 2, Cy = 50 pF) 





tPLH(S) 
(RL = 390 2, Cy = 15 pF) 
Propagation Delay Time, high-to-low level, from strobe tPHL(S) 
input G or S to output 
(RL = 390 2, Cy = SO pF) 
(Ry = 390 2, CL = 15 pF) 


TEST CIRCUITS 
FIGURE 1 — Vip and Vip FIGURE 2 — Ijp4 and tye 
G VEE 
weet, I 


OPEN 
Veco 2651 Vee 





NOTE: When testing one channel, the inputs of 
the other channel are grounded. 


NOTE: 


Each pair of differential inputs is tested 


separately. The inputs of the other pair 
are grounded 
FIGURE 3 — Vini(s). ViL(s)- VOH- VOL: 29d loH 
Vin(s) Phe 
ViIL(S)@4 Table 









TEST TABLE 
'sink: IcEx 
_ 






‘load 





Viuis) 
"sinks 1 
2Y CEX 


Vinis) 
Vo 
NOTES 1. Vig =-30V to +30V. 
2. When testing one channel, the inputs of the other channel 
should be grounded. 
o 
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MC75107, MC75108 


TEST CIRCUITS (continued) 


‘ FIGURE 4 — tH (G)- HL (G)- ItH(S)- and WIL (s) 


NiH(S) 
ViH(s) 
See 
Test 
Table 
Vic(s) 
NLS) ' 
| See 
vio Test 
















Pinatswaves [Tv2smv_[ sa5ev [end [Vins | ora | 
Pig arson 16 | —aemv [end —Viusy | a8v [era 
Piparsweneae [Gna -2emv_ [on [av | ney 





FIGURE 5 — Ig FIGURE 6 — Icc and leg 


Vec+ VEE 





NOTES: 1. Each channel is tested separately. 
2. Not more than one output should be tested at one time. 
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MC75107, MC75108 


TEST CIRCUITS (continued) 
FIGURE 7 — PROPAGATION DELAY TIME TEST CIRCUIT 







AND WAVEFORMS 
VEE 
DIFFERENTIAL 
INP J. oh A he ot OUTPUT 


MC75107 








PULSE 
GENERATOR 
See Note 1 









50 pF 
See Note 3 







See Note 4 


OUTPUT 
MC75108 







15 pF 
STROBE See Note 3 
INPUT 


See Note 2 








PULSE 
GENERATOR 
See Note 1 





INPUT 


STROBE 
INPUT 
Gors 





—+$—-——— ov 
I 

| ke TPHLIS) 
—+—— Vou 


OUTFUT qe aa er 


—~{ ee teHLiD) 


l 

I 

| 
tPLH(D) 4 -~- | 
| tpLHi(s)—= 
I 
I 





- 


NOTES: 1. The pulse generators have the following characteristics: Zg = 50 22, tp = tg = 1045 ns, to1= 500 ns, PRR = 1 MHz 
tp2 = Tus, PRR = 500 kHz. 
2. Strobe input pulse is applied to Strobe 1G when Inputs 1A-1B are being tested, to Strobe S when Inputs 1A-1B or 2A-2B 
are being tested, and to Strobe 2G when inputs 2A-2B are being tested. 
3. Cy, includes probe and jig capacitance. 
4. All diodes are 1N916 or equivatent. 
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(AA) MOTOROLA 


SEVEN CHANNEL LINE RECEIVERS 


The MC75125' and MC75127 are seven-channel line receivers 
designed to satisfy the requirements of the input/output interface 
specification for IBM 360/370. 

Special low-power design and Schottky-diode-clamped tran- 
sistors allow low supply-current requirements while maintaining fast 
switching speeds and high-current TTL outputs. The MC75125 and 
MC75127 are characterized for operation from 0 to 70°C. 


Meets [BM 360/370 I/O Specification 

Input Resistance — 7 kQ to 20 kQ 

Output Compatible with DTL or TTL 
Schottky-Clamped Transistors 

Operates from a Single 5 Volt Supply 

High-Speed — Low Propagation Delay 

Ratio Specification — tpLH/tPHL 

Seven Channels in One 16-Pin Package 

Standard Vcc and Ground Positioning on MC75127 


TYPICAL APPLICATIONS 
IBM 360/370 INTERFACE 


MC75125/127 
MC8T 13/23 


LINE RECEIVER FOR 
PARTY-LINE APPLICATIONS 


'BM 360/370 
1/O Interface 
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MC75125 
MC75127 


SEVEN CHANNEL 
LINE RECEIVERS 


A 


16 
. = 
1 
1 


16 
L SUFFIX 
CERAMIC PACKAGE 
CASE 620 
16 
1 


P SUFFIX 
PLASTIC PACKAGE 
CASE 648 


PIN CONNECTIONS 


MC75125 





MC75125, MC75127 


MAXIMUM RATINGS (Ta = 25°C unless otherwise noted) 


960 
77 


Power Supply Voltage 
Input Voltage -2.0 to +7.0 


Vv 
Vv 
Power Dissipation (Package Limitation) 
Ceramic Package Pp 1150 mw 
Plastic Package 
Derate Above Ta, = 25°C 1/ReJA mw/°c 
°c 


Operating Ambient Temperature Range 


Junction Temperature Ty 
Ceramic Package +175 
Plastic Package +150 
Storage Temperature Range -65 to +150 


RECOMMENDED OPERATING CONDITIONS 


Min] 
[Power Suppiv Voie ———SSSSCSCdCSCce «ds | 8 
ion | _- | —_ 
ae ae 
[| = 














Low Level Output Current 
Operating Ambient Temperature Range 


ELECTRICAL CHARACTERISTICS 
(Unless otherwise noted, these specifications apply over recommended power supply and temperature ratings. Typical values measured at 
Ta = 25°C and Vcc = +5.0 V) 
Characteristic 
High-Level Input Voltage 
Low-Level Input Voltage 
High-Level Output Voltage (Vcc = 4.5 V, Vit = 0.7 V, lon = -0.4 mA) 
Low-Level Output Voltage (Vcc = 4.5 V, Vin = 1.7 V, IoL = 16 mA) 
High-Level Input Current (Vcc = 5.5 V, Vj = 3.11 V) 
Low-Level Input Current (Vcc = 5.5 V, V; = 0.15 V) 
Short Circuit Output Current* (Vcc = 5.5 V, Vo = 0) 
Input Resistance (Vcc = 45 V,0 V, or Open, AV; = 0.15 V to 4.15 V) 
Power Supply Current 
Outputs High-Logic State (Vcc = 5.5 V, loH = -0.4 mA, all inputs at 0.7 V) 
Power Supply Current 
Outputs Low-Logic State (Vcc = 5.5 V, Io_ = 16 mA, all inputs at 4.0 V) 


a eee eee 
7 
1 


Propagation Delay Time a 
Low-to-High-Level Output tPLH 0 
High-to-Low-Level Output tPHL 0 

Ratio of Propagation Delay Times }teru/tpHL |] 0.5 | 

Transition Time, Low-to-High-Level Output so tttH oT 0 

Transition Time, High-to-Low Level Output tte. 


*No more than one output should be shorted at a time. 












| Typ | Max_| 











0 


7, 
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MC75125, MC75127 


FIGURE 1 — PARAMETER MEASUREMENT INFORMATION 


HD TEST CIRCUIT 













3V 
R_ = 4002 
See Note C 
Pulse { ) Ov 
Generator 
(See Note A) 


Cy. = 50 pF 


ik (See Note B) au 


Vou 


VoL 





NOTES: 


A. The pulse generator has the following characteristics: 
Zout * 50 2, PRR = 5 MHz. VOLTAGE WAVEFORMS 


B. Cy includes probe and jig capacitance. . ' 
C. All diodes are MMD7000 or equivalent. 


FIGURE 2 — SCHEMATIC (EACH RECEIVER) 





To Other Channels 1 





> 
ae] 
c 
7 


Output Y Common Circuitry 
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MC75125, MC75127 


TYPICAL CHARACTERISTICS 


FIGURE 4 — VOLTAGE TRANSFER CHARACTERISTIC 


FIGURE 3 — VOLTAGE TRANSFER Se 


versus SUPPLY VOLTAGE 


50 aes ee el (a ee Se 


versus AMBIENT TEMPERAT 





Aifecas aa 





(A) 39VLIOA LnaLno ‘OA 


(A) JOVLTOA Lndino ‘CA 





Vy), INPUT VOLTAGE (V) 


Vj, INPUT VOLTAGE (V) 


FIGURE 6 — LOW-LEVEL OUTPUT VOLTAGE 


versus OUTPUT CURRENT 


FIGURE 5 — INPUT CURRENT versus INPUT VOLTAGE 





(ww) 2NJHYN LNGNI 


19, OUTPUT CURRENT (mA) 


Vy, INPUT VOLTAGE (v) 


FIGURE 7 — SUPPLY CURRENT versus SUPPLY VOLTAGE 





(v4) IN3HHND ATddns ‘99 


Vec. SUPPLY VOLTAGE (V) 
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MC7/5128 
(AA) MOTOROLA MC75129 


EIGHT-CHANNEL 
LINE RECEIVERS 


EIGHT-CHANNEL LINE RECEIVERS 


The MC75128 and MC75129 are eight-channel line receivers 
designed to satisfy the requirements of the input/output interface 
specification for IBM 360/370. Both devices feature common 
strobes for each group of four receivers. The MC75128 has an active- 
high strobe; the MC75129 has an active-low strobe. 

Special low-power design and Schottky-diode-clamped transistors 
allow low supply-current requirements while maintaining fast 
switching speeds and high-current TTL outputs. Both devices are 
characterized for operation from 0 to 70°C. 


L SUFFIX 
CERAMIC PACKAGE 
CASE 732 


eu 


P SUFFIX 
PLASTIC PACKAGE 
CASE 738 


20 
1 


Meets IBM 360/370 I/O Specification 
Input Resistance — 7 kQ to 20 kQ- 
Output Compatible with DTL or TTL 
Schottky-Clamped Transistors 


PIN CONNECTIONS 


Operates from a Single 5 Volt Supply MC75128" 
High-Speed — Low Propagation Delay 

Ratio Specification — tpLH/tPHL 

Common Strobe for Each Group of Four Receivers 
MC75128 Strobe — Active-High 

MC75129 Strobe — Active-Low 


TYPICAL APPLICATIONS 
IBM 360/370 INTERFACE 


DRIVER RECEIVER 
MC8T 13/23 MC75128/129 
OR MC348 1/86 


LINE RECEIVER FOR 
PARTY-LINE APPLICATIONS 


/ 


(BM 360/370 
1/O Interface 





5-112 


MC75128, MC75129 


MAXIMUM RATINGS (Ta = 25°C unless otherwise noted) 


ae a 
Foner Supply Varian cae eT 
A input Vala [Via [corse |v 
Strobe Input Voltage | 4700 


Vec 
VIA 
Power Dissipation (Package Limitation) 
Ceramic Package Pp 1150 mW 
960 
W/Rea -7.7 mw/°C 
Ty % 
Ceramic Package +175 
Plastic Package +150 


Storage Temperature Range -65 to +150 


RECOMMENDED OPERATING CONDITIONS 


Veo 
TA 


ELECTRICAL CHARACTERISTICS 


(Unless otherwise noted, these specifications apply over recommended power supply and temperature ratings. Typical values measured at 
Tp = 25°C and Vcc = +5.0 V) 






Rating 





















Plastic Package 
Derate Above T, = 25°C 


Operating Ambient Temperature Range 


Junction Temperature 











Characteristic 


High-Level Input Voltage 
A Inputs 
S Inputs 


Low-Level Input Voltage 
A Inputs 
S Inputs 


High-Level Output Voltage (Vc¢ = 4.5 V, VIL = 0.7 V, lon = -0.4 mA) Bee eee ee 
Low-Level Output Voltage (Voc = 4.5 V, Vip = 1.7 V, lou = 16 mA) | Vor. | - | 04 | o5 | vi] 
Input Clamp Voltage (Voc = 4.5 V, 1) = -18 mA, S Inputs) i vK | - | —- [ -15 | vi | 


High-Levet Input Current (Voc = 5.5 V, Vy = 3.11 V, A Inputs) 
(Vcc = 5.5 V, Vy = 2.7 V, S Inputs) 
Low-Level Input Current (Vcc =5.5 V, Vj = 0.15 V,A Inputs) 
(Vcc = 5.5 V, V) = 0.4 V,S Inputs) 
Short Circuit Output Current * (Vcc = 5.5 V, Vo = 0) 
nput Resistance (Voc = 4.5 V, 0 V, or Open, AV) = 0.15 V to 4.15 V) 
Power Supply Current — Outputs High-Logic State, all inputs at 0.7 V 


(Vcc = 5.5 V, Strobe at 2.4 V — MC75128) 
(Voc = 5.5 V, Strobe at 0.4 V — MC75129) 
Power Supply Current — Outputs Low-Logic State, all inputs at 4.0 V 
(Voc = 5.5 V, Strobe at 2.4 V — MC75128) 
(Vcc = 5.5 V, Strobe at 0.4 V — MC75129) 


Propagation Delay Time — From A Inputs 
Low-to-High-Level Output 
High-to-Low-Level Output 

Propagation Delay Terme — From S Inputs 
Low-to-High-Level Qutput 
High-to-Low-Level Output 


Ratio of Propagation Delay Times — A Inputs tpLH{A)/tpHttA) 
Transition Time, Low-to-High-Level Output 
Transition Time, High-to-Low-Level Output 


“No more than one output should be shorted at a time. 
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MC75128, MC75129 


FROM OUTPUT 


FIGURE 1 — PARAMETER MEASUREMENT INFORMATION 


LOAD CIRCUIT VOLTAGE WAVEFORMS 


INPUT 
(See Notes 90% st - 3V 
A, D, and &) ' 


OUTPUT Vee 







400 2 Vref 






1 
| 
i} 
UNDER TEST 107s | 10 ns | ov 


NOTES: 


998 





. Input pulses are supplied by a generator having the 


— cr 
ay (See Note C) = ! tei n Ltpey 
50 pF | H VoH 
(See Note B) v 
OUTPUT 





following characteristics: 25 = 50 2,PRR = 5 MHz. z nies 
Includes probe and jig capacitance. Let TTHE tTLH ae 
All diodes are MMD7000 or equivalent. 


. The strobe inputs of MC75129 are in-phase with the 


output. 


- Vret1 = 9.7 V and Vyef2 = 1.7 V for testing data (A) 


Inputs, Vret4 = Vref2 = 1.3 V for strobe inputs. 


FIGURE 2 — SCHEMATIC (EACH RECEIVER) 


Common 
Circuitry 


To Three LSS 
Other To Seven 
Channels Other Channels | 
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MC75128, MC75129 


TYPICAL CHARACTERISTICS 


FIGURE 4 — VOLTAGE TRANSFER CHARACTERISTIC 


FIGURE 3 — VOLTAGE TRANSFER CHARACTERISTICS 


versus SUPPLY VOLTAGE 


versus AMBIENT TEMPERATURE 





Sa 


(A) 39VLIOA indino ‘0A 






20 


V,, INPUT VO ies (v) 


V,, INPUT VOLTAGE (V) 


FIGURE 6 — LOW-LEVEL OUTPUT VOLTAGE 


FIGURE 5 — INPUT CURRENT versus INPUT VOLTAGE 


versus OUTPUT CURRENT 


aa Clea ee 
Sake eee 
a ef 





(WW) INJHYUND LNENI Ny 


Ig, OUTPUT CURRENT (mA) 


V;, INPUT VOLTAGE (V) 
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(M\) MOTOROLA MC75140P1 


DUAL LINE RECEIVER 


The MC75140P 1 is a dual line receiver with common Strobe and DUAL 
Reference inputs. The Reference voltage is externally applied. This LINE RECEIVER 
voltage may range from 1.5 to 3.5 volts, thus allowing for adjust- 
ment of maximum noise immunity in a given system design. The SILICON MONOLITHIC 
MC75140P 1 is intended for use as a single-ended receiver in MTTL INTEGRATED CIRCUIT 
systems. Use in a party-line (bus-organized) system is aided by the 
low input current of the receiver. 

@ Single +5.0-Volts Power Supply 

£100-mV Sensitivity 

Low Input Current 

MTTL Compatible Outputs 


Adjustable Reference Voltage 


(top view) 


Common Output Strobe 


CIRCUIT SCHEMATIC 
(1/2 Circuit Shown) 


PLASTIC PACKAGE 


iS — 
INPUTS 
35 470 


PIN CONNECTIONS 
6 


| Vcc OUTPUT REF LINE 
REFERENCE OUTPUTS INPUT INPUT 2 


INPUT 


2 4 STROBE 
INPUT 


TYPICAL APPLICATION 
HIGH FAN-OUT FROM A STANDARD MTTL GATE 


© STROBE INPUT 
OUTPUT STROBE LINE GND 
1 INPUT INPUT 1 


MC5400 OR 
Mc7400 FUNCTION TABLE 


LuGIc 
LINE INPUT | STROBE | OUTPUT 


a ee ee ee 


© STROBE INPUT Positive Logic 
H = High Level, L = Low Level, 
*Most MC5400/MC7400 devices are capable of maintaining X = Nonsignificant 
a2 4-volt level under loads up to 75 mA 
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MC75140P1 


MAXIMUM RATINGS (Tq = 0 to +70°C unless otherwise noted ) 
Supply Voltage 
A 
stg 



















Value 


“Fa70 3 
Line Input Voltage (with respect to Vref) +5! 

Derate above Ta = +25°C ae 

| Operating Temperature Range (Ambient) TA 


RECOMMENDED OPERATING CONDITIONS 

| Min | 

Power Supply Voltage oe 
2.4 


Power Dissipation (Package Limitation) 
Plastic Dua! In-Line Package 







V 
Reference Voltage 
T 


0 to +70 
-65 to +150 


+ 
28 a sl 
oo oO oO 

























Reference Voltage Range | Veet | 1S 


Input Voltage Range (Line or Strobe) | 55 | 


Operating Ambient Temperature Range } +70 | 





ELECTRICAL CHARACTERISTICS (Vcc = 50 V 410%, Vref = 1.5 to 3.5 V, Ta = 0 to +70°C unless otherwise noted.) 
Ty 





[ towLevel Line Input Voltage SOS 


Low-Level Strobe {Input Voltage ViLis) 





High-Level Output Voltage 


















Viti) = Vref - 100 mV, ViL(s) = 0.8 V. Ion = -400 uA 






Low-Level Output Voltage 
VIH(L) = Vref + 190 mV, Vic(s) = 0.8 V, Io = 16mMA 
VIL(L) = Vref - 100 mV, Vins) = 20 V, lop = 16mA 


Strobe Input Clamp Voltage Vis) 
Its) =-12 mA 





Strobe Input Current (at max Input Voltage) 
Vi(s) = 5.5 V } 


High-Level Input Currents 
Strobe (V\(s) = 2.4 V) 
Line (Vi(L) = Voc. Vref = 1.5 V) 
Reference (Vref = 3.5 V, Vi(L) = 1.5 V) 
Low-Level Input Currents 
Strobe (Vi (gs) = 0.4 V) 
Line (Vi(_) = OV, Vref = 1.5 V) 
Reference (Vref = 0 V, Vi(L) = 1.5 V) 
Short-Circuit Output Current® * 
‘ Veco =5.5V 
Supply Current (output high) 
Vis) = 0 V. Viti) = Vref - 100 mv 
Supply Current (output low) 
Vi(s) = 9 V. Vi(L) = Vre¢ + 100 mv 






WH(L) 
'tH (ref) 





p* 
35 
70 


Cc 
A 
A 


| 5s | 
eee atl 

+70 
[Max] 
pees 
aaa 
eee) 
Lea 

0.4 

04 

80 

200 

35 





baie Ue 


SWITCHING CHARACTERISTICS (Vcc = 5.0 V, Vref = 2.5 V, CL = 15 pF, Ri = 400 2, Ta = +25°C unless otherwise noted.) 
See Figure 1. 

















4 


N 
N 


yp 


N 
LS) 


*All typical values are at Vcc = 5.0 V, Ta = +25°C. 
**Only one output should be shorted at a time. 
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MC75140P 1 


FIGURE 1 — SWITCHING TIMES TEST CIRCUIT AND WAVEFORMS 


OUTPUT 


tTLH < 100s —»] 
| 
| 
1 


une input 10% 
(see note) 


STROBE 
INPUT 


| Mc75140P1 IN3064 
or equiv 1 i I | Vou 


Bw - 
x SE OUTPUT 15V 15V 15V 15V 


(include stray _— — —— Vo, 
. and 1g capacitance) Note {nput pulses are supplied by generators having the following 
characteristics PRR = 10 MHz, duty cycle < 50%, zp ~ 5082 





FIGURE 2 — OUTPUT VOLTAGE versus 
LINE INPUT VOLTAGE 


Vcc =50V 
Veet =25V 
Vin(S)= oV 
Ta = +25°C 


Vo, OUTPUT VOLTAGE (VOLTS) 


i eae 
| | | 
one a 
ae a 
a oe 
belle! 
| | 
ie ae 
= ae es 
ee lies 
10 





Vin(L), LINE INPUT VOLTAGE (VOLTS) 


FIGURE 3 — SCHMITT TRIGGER FIGURE 4 — TRANSFER CHARACTERISTICS FOR 
SCHMITT TRIGGER 


40 
Pt tae eaiee 


0 05 10 15 20 25 30 35 
Vin. INPUT VOLTAGE (VOLTS) 











Vec=5V 










SIGNAL 
(INPUT 






QUTPUT 20 


(MTTL LEVELS) 






1/2 MC75140P1 
10 


Vg, QUTPUT VOLTAGE (VOLTS) 






STROBE 
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MC75140P1 


f, FREQUENCY (MHz) 


FIGURE 5 — GATED OSCILLATOR 


MC75140P1 


STROBE 


FIGURE 6 — GATE OSCILLATOR FREQUENCY 
versus RC TIME CONSTANT 





RC TIME CONSTANT (us) 





OUTPUT 


15k 


STROBE | 
oye] mM mM 


FIGURE 7 — DUAL BUS TRANSCEIVER 






DATAIN 


DATA IN 
STROBE 


*50-T0-100-Ohms 
Depending On Line 
Impedance 


DATA OUT 


DATA OUT 


STROBE Veefin 158 


to35V 
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(AA) MOTOROLA 


Specifications and Applications 
Information 





DUAL MEMORY DRIVER 


The MC55325/75325 is a monolithic integrated circuit memory 
driver with logic inputs, and is designed for use with magnetic 
memories. 

The device contains two 600-mA source-switch pairs and two 
600-mA sink-switch pairs. Source selection is determined by one of 
two logic inputs, and source turn-on is determined by the source 
strobe. Likewise, sink selection is determined by one of two logic 
inputs, and sink turn-on is determined by the sink strobe. With this 
arrangement selection of one of the four switches provides turn-on 
with minimum time skew of the output current rise. 


600-mA Output Capability 

Fast Switching Times 

Input Clamp Diodes 

Dual Sink and Dual Source Outputs 
MDTL and MTTL Compatibility 
24-Volt Output Capability 


Source TYPICAL APPLICATION 


Simplified Core Selection 
Matrix - (See Figure 11 for Details 


@) 


( 
1/2 MC75325 ) 
Each O O © O o O 


© 


Memory Cores 


1/2 MC75325 
Each 





57120 


MC55325 
MC75325 


DUAL MEMORY DRIVER 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 





L SUFFIX 
CERAMIC PACKAGE 
CASE 620 


P SUFFIX 
PLASTIC PACKAGE 
CASE 648 
(MC75325 only) 


Source 
Collectors 


Strobes 





MC55325, MC75325 


MAXIMUM RATINGS TA = 25° unless otherwise noted) 


Supply Voltage (Note 1) 







TRUTH TABLE 


ADORESS INPUTS | STROBE INPUTS | _outeuts | 


Pak: eigees ane 














Input Voltage 


cis cf 
H Lu 

Power Dissipation (Package Limitation) * : 
Ceramic and Plastic Packages x x 
Derate above Tq = +25°C mWw/°C es 


Operating Ambient Temperature Range 
MC55325 
MC75325 


Storage Temperature Range 


Note 1. Voltage values are with respect to the network ground terminal. 
















-5S to +125 H = high level, L = low level, X = irrelevant 


0 to +70 NOTE: Not more than one output ts to be on 


at any one time. 


ELECTRICAL CHARACTERISTICS (Ta = Tiow to Thigh unless otherwise noted! ")) 


| Mc5s325_ | MC75325 






















Input Voltage — High Logic State 
Input Voltage — Low Logic State 








Input Clamp Voltage 
(Vcec1 = 4.5 V, Voc2 = 24 V, Ij =-10 mA, Ta = 25°C) 
Output Current — Off State 
(Voc1 =4.5 V, Vec2 = 24 V) Ta= Tow to Thigh 
Ta = 25°C 



















Output Voltage — High Logic State 
(Vec1 =4.5 V, Vec2 = 24 V, 19 = 0) 
Saturation Voltage 
Source Outputs 
(Vec1 =4.5 V, Vec2 = 15 V, Isqurce * 600 mA, Ry = 24 ohms, 







Note 4) Ta= Tow to Thigh 
Ta = 25°C 
Sink Outputs 
(Voc1 = 4.5 V, Vec2 = 15 V, Isink * 600 mA, Ry = 24 ohms, 
Note 4) TA = Tlow to Thigh 
Ta = 25°C 












Input Current at Maximum Input Voltage 
(Vec1 =5.5 V, Vec2 = 24 V, Vy = 5.5 V) 

Address Inputs 

Strobe !nputs 











> 


Input Current — High Logic State 
(Voc1 = 5.5 V, Vcec2 = 24 V, Vy = 2.4 V) 

Address Inputs 

Strobe Inputs 












tnput Current — Low Logic State 
(Vec1 = 5.5 V, Vec2 = 24 V, V) = 0.4 V) 

Address Inputs 

Strobe Inputs 


3 
> 
















Supply Current — Output Condition Off 
(Vec1 = 5.5 V, Veco = 24 V, Ta = 25°C) 

From Vcc 1 

From Vcoc2 


ICCloff) 
14 
7.5 










Supply Current from Vcec7, Either Sink “On” 
(Voc1 = 5.5 V, Vec2 = 24 V, Isink = 50 mA, Ta = 25°C) 
Supply Current from Vcc2, Either Source ‘‘On"’ 
(Vec1 = 5.5 V, Voc? = 24 V, Isource = -50 mA, Ta = 25°C) 


tl a Ga Ga al eli 
(1) Tow =-55°C for MC55325, O°C for MC75325 
Thigh = +125°C for MC55325, +70°C for MC75325 


(2) All typical values are at Ta = 25°C 3 
(3) Not more than one output is to be “on’’ at any one time. 
(4) Saturation voltage must be measured using pulse techniques: Pulse Width = 200 us, Duty Cycle < 2% 


rt 
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MC55325, MC75325 


SWITCHING CHARACTERISTICS (Vcc = 5.0 V, CL = 25 pF, Ta = 25°C) 














Propagation Delay Time to Source Collectors 
(Vcc2=15V, RL = 240hms) —Low-to-High Level 
High-to-Low Level 












Transition Time 
(Vec2 = 20V,R_=1kohms) Low-to-High Level 
High-to-Low Level 
Propagation Delay Time to Sink Outputs 
(Vec2 = 15 V, RL = 24 ohms)’ ~Low-to-High Level 
High-to-Low Level 














Transition Time 
(Vec2 = 15 V, RL = 24 ohms) 







Low-to-High Level Output 
High-to-Low Level Output 






FIGURE 2 — PROPAGATION TIME TO 
SOURCE COLLECTORS 


To Scope 


Vec2=+15 V (Output) 


To Scope 
(input) 







350 





Source 
Collectors 





C__ Includes Probe 
= and Jig Capacitance 


Source X Shown Under Test 


' 


tPLH 
tPHL 
om |e 

tTHL 

tPLH 20 
tPHL 20 
tTLH : 
tTHL : 










Input Pulse Characteristics 
Zq = 5082, Pulse Width = 200 ns, 
tTLH = tTHL S 10 ns, Duty Cycle < 1% 


FIGURE 3 — PROPAGATION TIME, 
TRANSITION TIME AND STORAGE TIME 
TO SINK OUTPUTS ' 


To Scope 
(Output) 


Vv =+15V : 
To Scope cc2 


(Input) 


CL Includes Probe 
and Jig Capacitance 


Sink Z Shown Under Test 


FIGURE 4 — SWITCHING TIMES ON SOURCE OUTPUTS (See Figure 5) 


2 30V ; 
Input na se 
ov — 


VOH 
Output 


Vor 
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Input Pulse Characteristics: 
tTHL = tTLH <10ns, Duty Cycle < 1% 
Pulse Width = 200 ns 


MC55325, MC75325 


IOFF, COLLECTOR OFF CURRENT (yA) 


Vsat- SATURATION VOLTAGE (VOLTS) 


FIGURE 5 — TRANSITION TIME ON SOURCE OUTPUTS 


To Scope 
(Input) 


Pulse 
Generator 






To Source 
(Output) 


1k 


Cy Includes 
Probe and Jig 
Capacitance 


Source X Shown Under Test 


TYPICAL PERFORMANCE CURVES 


FIGURE 6 — SOURCE COLLECTOR CURRENT 
(Off-State) versus AMBIENT TEMPERATURE 





1000 = ———— FJ 
era eee 
500 Voc1=45V 
Voc2=24V 
200 
100 
50/-—~ 
2 
20 











Ta, AMBIENT TEMPERATURE (°C) 


FIGURE 8 — SOURCE OR SINK SATURATION VOLTAGE 
versus AMBIENT TEMPERATURE 





08 
Veco1=45V 
Vcoc2=15V 
Isource OF Isink = I$ 





07 


06 


05 











-25 
Ta, AMBIENT TEMPERATURE (°C) 


Vou, OUTPUT VOLTAGE-HIGH LOGIC STATE (VOLTS 


Vsat, SATURATION VOLTAGE (VGLTS) 
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FIGURE 7 — SINK OUTPUT VOLTAGE-HIGH STATE Voy 
versus AMBIENT TEMPERATURE 








-75 -50 -25 


Ta, AMBIENT TEMPERATURE (°C) 


FIGURE 9 — SOURCE OR SINK SATURATION VOLTAGE 
versus SOURCE OR SINK CURRENT 





08 tT 
Vec1=45V 
Vcoc2=15V 





07 





06 





05 








Rext | 730 
RL] 48. aN 


620 





350 400 450 §00 550 
Is, SOURCE OR SINK CURRENT (mA) 





MC55325, MC75325 


APPLICATIONS INFORMATION 
BASE DRIVE RESISTOR 


An internal 575 Q resistor connected between the 
Vcec2 and the Rjnt terminals is provided in the MC55325/ 
75325 to supply sufficient base drive for source currents 
to 375 mA at Vcc2 of 15 Volts or 600 mA at Vcco2 of 
24 Volts. Connecting the R node to the Rjnt node 
selects this internal resistor. If source currents greater 
than 375 mA are required, the Rint node should be left 
open and an appropriate resistor connected between 
Vcc2 and the R node. This method allows source base 
drive currents regulated to typically within + 5%. This 
has an added advantage of removing the power dissipated 
in the resistor from the IC package, allowing the device to 
source greater currents at a given junction temperature. 

The value of the required external resistor in a parti- 
cular memory application may be computed using the 
following equation: 


16 (VCC2 min-VS-2.2) 


= 1 
IL - 1.6 (VeC2 min-VS-2-9) (1) 


ext 


Where: Rext bead kQ. 
Vs =the source output voltage referred to 
. ground. 
IL =mA. 
During the load current pulse the power dissipated in 
the resistor, Re xt is 
— 'L(VCC2 min: VS-2) 


ext 16 (2) 


PR 

Where: PRoxt =mwW. 
The source collector current Ics is approximately 94% 
of total load current, 1L. The remaining current flows in 
the base of the source transistor through the external 


resistor Rext or the source gate. See Figure 10 for added 
details. 


An internal pull-up resistor in parallel with a clamping 
diode to Vcc is provided at each sind-output collector to 
protect against voltage surges generated by switching re- 
duction loads. 


FIGURE 10 — TYPICAL CIRCUIT USED 
FOR Rext CALCULATION 


Vec2 


| tes 







One Source 
Section of 


MC75325 Vs 


Memory Element 


| 


One Sink 
Section of 
Another MC75325 


SELECTION MATRIX 


The combination of current source and sink pairs 
within the MC75325 is often utilized to implement a 
selection matrix for core memory systems. A typical, 
simplified system is shown in Figure 11. 

The selection of any particular line (line 7, for ex- 
ample) is made by activating a particular, unique combin- 
ation of two source/sink pairs. For an example, with 
the Mode Select input high and B71 low, current source X 
of #1 MC75325 will be activated. This selects lines 4-7. 
When input C4 goes low, on #4 MC75325, current will 


flow through line 7 from source X (of device #1) to sink 
Y of device #4. 

Changing the logic state of device #1 to input Di 
low, device #4 to input Ad low, and applying a low to 
the Mode Select input, reverses the direction of the current 
in line 7 with the #1 MC75325 sinking the current and 
the #4 device sourcing it. 

Drive line inductance and capacitance only limits the 
number of drive lines a source/sink pair can drive and thus 
the size of a matrix possible. 
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MC55325, MC75325 


FIGURE 11 — TYPICAL 


APPLICATION - CORE MEMORY 


SELECTION MATRIX 


Drive Lines 


& Cores 


tui 
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(AA) MOTOROLA 


DUAL PERIPHERAL 
POSITIVE “AND” DRIVER 


The MC75450 is a versatile device designed for use as a general- 
purpose dual interface circuit in MDTL and MTTL type systems. 
This device features two standard MTTL gates and two noncommitted, 
high-current, high-voltage NPN transistors. Typical applications in- 
clude relay and lamp drivers, power drivers, MOS and memory : 
drivers. 


MDTL and MTTL Compatibility 


300 mA Output Current Drive Capability 
(each transistor) 


Separate Gate and Output Transistor for Maximum Design , 
Flexibility 


High Output Breakdown Voltage: 
VCER = 30 Volts minimum 


MAXIMUM RATINGS (Ta = 0 to +70°C unless otherwise noted) 


Power Dissipation (Package Limitation) 
Plastic and Ceramic Dual In-Line Packages 
Derate above Ta = +25°C 


Operating Temperature Range Ta 
Storage Temperature Range Tstg -65 to +150 eet 


Voltage vajues are with respect to network ground terminal. 

. This value applies when the base-emitter resistance (Rge) is equal to or less 
than 500 ohms. 

. Both halves of these dual circuits may conduct the rated current simultane- 
ously. 
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MC75450 


DUAL PERIPHERAL 
POSITIVE “AND” DRIVER 


SILICON MONOLITHIC 
INTEGRATED CIRCUITS 


L SUFFIX P SUFFIX 
CERAMIC PACKAGE PLASTIC PACKAGE 
CASE 632 CASE 646 

(TO-116) 


SUB- 
Vec 2A 2Y 2B 2C 2 STRATE 


1A 1Y 1B 1 1E GND 


Positive Logic: Y = AG (gate only) 
C= AG (gate and transistor) 





CIRCUIT SCHEMATIC 





MC75450 


RECOMMENDED OPERATING CONDITIONS (See Note 4) 


Note 4. The substrate, pin 8, must always be at the most negative device voltage for proper operation. 


ELECTRICAL CHARACTERISTICS (T, = 0 to +70°C unless otherwise noted.) 


| Characteristic Symbol | Test rigs | min | Tye | Max | Unit | 


MTTL GATES 


ee 
Peeve 


High-Level Output Voltage 
(Voc = 4.5 V, ViL = 0.8 V, lop =-400 HA) 
Low-Level Output Voltage 
(Voc = 4.75 V, Vip, = 2.0 V, lor = 16 mA) 
High-Level Input Current ' 
(Vec = 5.25 V, Vin = 2.4 V) Input A 





















input G 
(Voc = 5.25 V, Vin = 5.5 V) Input A 
Input G 












Low-Level Input Current 
(Vcc = 5.25 V, Vin = 0.4 V) 














Short-Circuit Output Current** 
(Vcc = 5.25 V) 


Supply Current 
High-Level Output (Vcc = 5.25 V, Vin = 0) 
Low-Level Output (Vcc = 5.25 V, Vin = 5.0 V) 


Input Clamp Voltage (Vcc = 4.75 V, lin = -12 mA) 
OUTPUT TRANSISTORS 


Collector-Base Breakdown Voltage 
(Ic = 100 vA, te = 0) 


Collector-Emitter Breakdown Voltage 
(Ic = 100 ZA, Rgg = 500 ohms) 
Emitter-Base Breakdown Voltage 
(le = 100 ZA, Ic = 0) 


Static Forward Transfer Ratio (See Note 5) 
(VcE = 3.0 V, Ic = 100 mA, Ta = +25°C) 














(Vcg = 3.0 V, Ic = 300 mA, Ta = +25°C) 
(Vcg = 3.0 V, Ig = 100 mA, Ta = 0°C) 
(VcE = 3.0 V, Ic = 300 mA, Ta = 0°C) 


Base-Emitter Voltage (See Note 5) 
(Ig = 10 mA, Ig = 100 mA) 
(Ig = 30 mA, tc = 300 mA) 
Collector-Emitter Saturation Voltage (See Note 5) 


(Ip = 10 mA, Ic = 100 mA) 
(Ip = 30 mA, Ic = 300 mA) 





Note 5. These parameters must be measured using pulse techniques; ty, = 300 us, duty cycles 2%. 
*Alt typical values at Vcc = 5.0 V, Ta = +25°C. 
**Not more than one output should be shorted at a time. 
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MC75450 


SWITCHING CHARACTERISTICS (Vcc = 5.0 V, Ta = +25°C unless otherwise noted.) 


po haracteristic Symbol | Test Fig. | Min | Typ | Max | Unit _| 
MTTL GATES 


Propagation Delay Time (C_ = 15 pF, Ry_ = 400 ohms) 


Low-to-High-Level Output 
High-to-Low-Level Output 


OUTPUT: TRANSISTORS # 





Switching Times (I¢ = 200 mA, |g(4) = 20 mA, Ip(2) = -40 mA, 
VBE (off) = 71.0 V, CL = 15 pF, Ry = 50 ohms) 
Delay Time 


Rise Time 
Storage Time 
Fall Time 


GATES AND TRANSISTORS COMBINED # 


Propagation Delay Time (ic = 200 mA, Cy, = 15 pF, Ry = 50 ohms) 
Low-to-High-Level Output 
High-to-Low Level Output 


Transition Time* (I¢ = 200 mA, C, = 15 pF, Ry. = 50 ohms) 
Low-to-High-Level Output 
High-to-Low-Level Output 








=Voltage and current values are nominal, exact values vary slightly with transistors parameters 


DC TEST CIRCUITS FOR MTTL GATES 
FIGURE 1 — Vin. VoL FIGURE 2 — Vit. Von 


Vec 


ViH 





= 
SUBSTRATE 4 al 


Both inputs are tested simultaneously. 





Each input is tested separately. 


(Arrows indicate actual direction of current flow. Current into a terminal is a positive value.) 


45V Voc 






Tie 


— 


OPEN Vin@— 


Hn| } L 
in 
Vin suBSTRATE 
r — 


Each input is tested separately. — Each input is tested separately. 


OPEN 
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MC75450 


DC TEST CIRCUITS FOR MTTL GATES (continued) 


FIGURE 5 — Igg FIGURE 6 — IccH. IecL 


Vec Vcc 


Vin 





SUBSTRATE 





Each gate is tested separately Both gates are tested simultaneously. 


(Arrows indicate actual direction of current flow. Current into a terminal is a positive value.) 


FIGURE 7 — PROPAGATION DELAY TIMES, EACH GATE 


+2.4V Vec SUTeUT +5.0V 







INPUT 
; Ry = 400 


1N3064 











PULSE 
GENERATOR 
(See Note A) 






OR EQUIV 


Cy = 15 pF 
(See Note B) 








NOTES. A. The pulse generator has the following characteristics. ty = 05 us, PRR = 1.0 MHz, zo ~ 502. 
B. Cy includes probe and jig capacitance. 


VOLTAGE WAVEFORMS 


OUTPUT 
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MC75450 


TEST CIRCUITS (continued) 


FIGURE 8 — SWITCHING TIMES, EACH TRANSISTOR 
ae 10V 


' 


OUTPUT 





INPUT 
CL = 15 pF 


ib (See Note B) 








PULSE 
GENERATOR 
(See Note A) 












SUBSTRATE 


NOTES: "A. The pulse generator has the following characteristics: ty, = 0.3 us, duty cycle < 1%, %y 502. 
B. CL includes probe and jig capacitance. 


VOLTAGE WAVEFORMS 


INPUT 


OUTPUT 


FIGURE 9 — SWITCHING TIMES, GATE AND TRANSISTOR 


10V 


OUTPUT 


INPUT = 15 pF 


es a ce =| T isha Note B) 






PULSE 
GENERATOR 
{See Note A) a a aaa ce _] 






NOTES: A. The pulse generator has the following characteristics: ‘w = 0.5 us, PRR = 1.0 MHz, z, ~ 502. 
B. Cy includes probe and jig capacitance. 


VOLTAGE WAVEFORMS 


INPUT 
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(AA) MOTOROLA 


DUAL PERIPHERAL DRIVERS 


These versatile devices are useful for interfacing digital logic to 
industrial electronic systems. They are useful as lamp drivers, relay 
drivers, logic buffers, line drivers, or MOS drivers. 

Each of these devices consists of a pair of MTTL gates with the 
output of each gate internally connected to the base of a transistor. 

MC75451 provides the AND function 
MC75452 provides the NAND function 
MC75453 provides the OR function 
MC75454 provides the NOR function 
@ 300 mA Output Current Capability 
® Qutput Breakdown Voltage — 30 V Min 


@ MTTL compatible Inputs 


MC75451 — Positive AND 


TRUTH TABLE 
ee iy a 
po ery L {(‘on” state) 
Pu | H | L (‘‘on"' state) 
ce es L (‘on" state) 
PH {fH | H (‘off'' state) 


H = high level, L = tow level 


1B 
Positive Logic Y = AB 


MC75453 — Positive OR 


TRUTH TABLE 


Y 


L (“on" state) 


H (off” state) 
H (“off” state) 
H (‘off state) 


H = high level, L = low level 


1B 1A 


Positive Logic’: Y= A+B 
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MC75451 
MC75452 
MC75453 
MC75454 


‘DUAL 
PERIPHERAL DRIVERS 


SILICON MONOLITHIC 
INTEGRATED CIRCUITS 





Sg 


U SUFFIX P SUFFIX 
CERAMIC PACKAGE PLASTIC PACKAGE 
CASE 693 CASE 626 


MC75452 — Positive NAND 


(‘off state) 


H 
H (‘off state) 
H 


(off’’ state) 


H = high level, L = low level 


1Y GND 


Positive Logic Y=A+B 








MC75451, MC75452, MC75453, MC75454 


MAXIMUM RATINGS (T, = 0°C to 70°C unless otherwise noted.) 


Power Supply Voltage(1) 
[input Voltage CSCS 
Interemitter Voltage(2) | = { 55 | Vde 


_ Output Voltage(3) 
Output Current(4) : 


Power Dissipation @T a = 25°C pane | 830 
Derate above Ta = +25°C 6.6 mw/°c 


(1) Voltage values are with respect to network ground terminal. 

(2) This is the voitage between two emitters of a multiple-emitter transistor. 

(3) This is the maximum voltage which should be applied to any output when it 
is in the “off’’ state. 

(4) Both halves of these dual circuits may conduct rated current simultaneously; 
however, power dissipation averaged over a short time interval must fal! within the 
continuous dissipation rating. 














ELECTRICAL CHARACTERISTICS (Unless otherwise noted, specifications apply for 4.75 > Vcc > 5.25 V and 0°C < Ta < 70°C) 


Input Voltage — High Logic State 
Input Voltage — Low Logic State 


[Min | 
| 12 | | 2.0 | 
| 12 | es 
Input Clamp Voltage tee v1 lite. ~1.2 
(Vcc = 4.75 V, ly =-12 mA) 


















Output Current — High Logic State 
(Veo = 4.75 V,VgH= 30V,Vj y= 20V) MC75451, MC75453 
MC75452, MC75454 





(Vcc = 4.75 V, Von = 30V, Vii = 0.8 V) 
Output Voltage — Low Logic State 















(Voc = 4.75 V, Vip = 0.8 V) MC75451, MC75453 
(Vcc = 4.75 V, Vip = 2.0 V) MC75452, MC75454 
(lot = 100 mA) 







(lot = 300 mA) 


Input Current — High Logic State 
(Voc = 525V,V) = 2.4 V) 
(Vcc = 5.25V, Vy = 5.5 V) 


Input Current — Low Logic State Ne mA 
(Vcc = 5.25 V, Vy = 0.4 V) 


Power Supply Current — Output High Logic State 


















(Vcc = 5.25 V, V} = 50 V) MC75451 
(Vcc = 5.25 V, Vj = 0) MC75452 
(Voc = 5.25 V, Vy = 5.0 V) MC75453 






(Vcc = 5.25 V, V} = 0) MC75454 


Power Supply Current — Output Low Logic State 









(Vcc = 5 25V, Vy = 0) MC75451 
(Vcc = 525V, Vv; =50V) MC75452 
(VEc = 5.25 V, V} = 0) MC75453 
(Vec = 5.25 V, Vj) = 50V) MC75454 





(1) Typical Values Measured with Vcc = 5.0 V, Ta = 25°C. 


TEST CIRCUITS 


(Current into terminal is shown as a positive value. 
Arrows indicate actuat! direction of current flow.) 


FIGURE 1— VoL, FIGURE 2 — Ign, 

Vin — MC75452 and MC75454 Vin — MC75451 and MC75453 

Vii — MC75451 and MC75453 Vit — MC75452 and MC75454 
Vee Vcc 








MC75452 





MC75451 
tou in 
MC75451 —-_-_ “$A ON Vv 

VIP MC75454 OH 

or 

VIL 

~~ | = Vinorv 
MC75454 aT ma e 
MC75452 cs = = => = MC75453 = = 
MC75453 : ; 
*See Page 1 for specific gate type. Each input is tested separately. 


5-132 


MC75451, MC75452, MC75453, MC75454 


SWITCHING CHARACTERISTICS (Vcc = 5.0 V, Ta = +25°C unless otherwise noted.) 


Propagation Delay Time 
(l¢ * 200 mA, CL, = 15 pF, Ry = 50 ohms) 
MC75451 
Low-to-High-Level Output 
High-to-Low-Level Output 
MC75452 
Low-to-High-Level Output 
High-to-Low-Level Output 
MC 75453 
Low-to-High-Level Output 
High-to-Low-Level Output 
MC75454 
Low-to-High-Level Output 
High-to-Low-Level Output 
Transition Time 
(lo * 200 mA, C_ = 15 pF, Ry = 50 ohms) 
MC75451 
Low-to-High-Level Output 
High-to-Low-Level Output 
MC 75452 
Low-to-High-Levet Output 
High-to-Low-Level Output 
MC 75453 
Low-to-High-Level Output 
High-to-Low-Level Output 
MC 75454 
Low-to-High-Level Output 
High-to-Low-Level Output 





TEST CIRCUITS (Continued) 
(Current into terminal is shown as a positive value. 


FIGURE 3 — 1H Arrows indicate actual direction of current flow.) figure 4— WoVI 


(ALL DEVICE TYPES) (ALL DEVICE TYPES) 
Vv MC75451 45vVVcc fe! 
cc Open MOs4B? pen 
MC75453 ——~ 
MC75454 Ls 





Each input ts tested separately. 
Each input is tested separately. 


FIGURE 5 — IccH. Ico 
(ALL DEVICE TYPES) 


Vec Open 






MC75453 
MC75454 


*See page 1 for specific gate type. Both gates are tested simultaneously. 
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MC75451, MC75452, MC75453, MC75454 


FIGURE 6 — SWITCHING TIMES TEST CIRCUIT AND WAVEFORMS 



























2.4V 0.4V <5 Ons 
MC75452 
MC75453 and 
MC75451 MC75454 MC75454 
MC75452 Voc fou Input ov 
To Scope 
(Input) 50 
To Scope <S Ons 
(Output) Input 30V 
Pulse 
Generator CL = 15 pF 
(See NoteA) (See Note B) MC75451 nae 
and 
1 nies 8 MC75453 
a a Ae VOH 
NOTES: A Pulse generator characteristics ty = 05 us, 
PRR = 1.0 MHz, 25 ~50 2 Output 
B Cy includes probe and test fixture capacitance. All VoL 


Types 


REPRESENTATIVE SCHEMATIC DIAGRAMS 
(1/2 Circuits Shown) 


MC75451 MC75452 





MC75453 MC75454 
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(AA) MOTOROLA 


DUAL HIGH-VOLTAGE PERIPHERAL DRIVERS 


The MC75461 thru MC75464 series is similar to the MC75451 
thru MC75454 series peripheral drivers; however, the MC75461 
series features greater voltage capability allowing operation with 
higher output voltages or with inductive loads. These devices are 
useful as lamp drivers, relay drivers, logic buffers, line drivers, or 


MOS drivers. 


MC75461 
MC75462 
MC/5463 
MC75464 


DUAL HIGH-VOLTAGE 
PERIPHERAL DRIVERS 


SILICON MONOLITHIC 
INTEGRATED CIRCUITS 





Each of these devices consists of a pair of MTTL gates with the 


output of each gate internally connected to the base of a transistor. 


MC75461 provides the AND function 
MC75462 provides the NAND function 
MC75463 provides the OR function 
MC75464 provides the NOR function 


@ 300 mA Output Current Capability 
@ No Output Latch-up-at 30 V 
@ MTTL compatible Inputs 


MC75461 — Positive AND 


TRUTH TABLE 


i ee 


L JL ("on” state) 


2 


L (on”’ state) 


H_ (“off state) 


H = high level, L = low level 


| | 
L ('on”’ state) 


TRUTH TABLE 
Y 


L (‘‘on’’ state) 
H (‘‘off’’ state) 


za 
H (‘‘off’’ state) 
H (‘‘off'’ state} 


H = high tevel, L = low level 


1B 1Y GND 
* Positive Logic. Y= A+B 


U SUFFIX P SUFFIX 


CERAMIC PACKAGE PLASTIC PACKAGE 
: CASE 693 CASE 626 


MC75462 — Positive NAND 


TRUTH TABLE 


TRUTH TABLE 
ied 


raat 


H = high level, L = low level. 


1A 1B 1v GND 
Positive Logic: Y= A+B 





MC75461, MC75462, MC75463, MC75464 


MAXIMUM RATINGS (Ta = 0°C to 70°C unless otherwise noted.) 
po Rating Symbol | Value Unit_| 






(1) Voltage values are with respect to network ground terminal. 

(2) This is the voltage between two emitters of a multiple-emitter transistor. 

(3) This 1s the maximum voltage which should be applied to any output when it 
is in the “‘off’’ state. 

(4) Both halves of these dual circuits may conduct rated current simultaneously; 
however, power dissipation averaged over a short time interval must fall within the 
continuous dissipation rating. 


ELECTRICAL CHARACTERISTICS (Unless otherwise noted, specifications apply for 4 75 = Vcc = 5.25 V and 0°C <Tp~ <70°C) 
Characteristic 
Input Voltage — High Logic State 
Input Voltage — Low Logic State 
Input Clamp Voltage 
(Vcc = 4.75 V, ly = -12 mA} 
Output Current — High Logic State 
(Vcc = 4.75 V, Von = 35 V, Vin = 2.0 V) MC75461, MC75463 
(Vcc = 4.75 V, Von = 35 V, ViL = 0.8 V) MC75462, MC75464 


Output Voltage — Low Logic State 
(Voc = 4.75 V, Viz = 0.8 V) MC75461, MC75463 
(Vcc = 4.75 V, Vip = 2.0 V) MC75462, MC75464 
lot = 100 mA 
lot = 300 mA 


Input Current — High Logic State 


(Veg = 5.25 V, Vj} = 2.4 V) 
(Veo =5 25 V, Vj} =55V) 


Input Current — Low Logic State 
(Vcc = 5.25 V, Vy = 0.4 V) 

Power Supply Current — Output High Logic State 
(Voc = 5.25 V, Vip = 5.0 V) MC75461 
(Vcc = 5.25 V, Vit = 0) MC75462 
(Voc = 5.25 V, Vip = 50 V) MC75463 
(Vcc = 5.25 V, Vit = 0) MC75464 

Power Supply Current — Output Low Logic State 
(Voc = 5.25 V, Vy, = 0) MC75461 
(Voc = 5.25 V, Viy = 5.0 V) MC75462 
(Vcc = 5.25 V, ViL = 0) MC75463 
(Vcc = 5.25 V, Vip = 5.0 V) MC75464 





(1) Typical Values Measured with Vcc = 5.0 V, Ta = 25°C 
TEST CIRCUITS 


(Current into terminal is shown as a positive value. 


Arrows indicate actual direction of current flow.) 


FIGURE 1 — Vo. FIGURE 2 — Ion, 


Vin — MC75462 and MC75464 Vin — MC75461 and MC75463 
Vit — MC75461 and MC75463 Vit — MC75462 and MC75464 
\ Vec ; Vec 










MC75461 MC75462 
fo as 
MC75461 3“A WAY Ww Vv 
Vi MC75464 OH 
or 
Vit L 
— Vv 
MC75464 | i 1H OF Vit. 
MC75462 = i = = i MC75463 = = 
MC75463 
*See Page 1 for specific gate type. Each input is tested separately. 
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MC75461, MC75462, MC75463, MC75464 


SWITCHING CHARACTERISTICS (Voc = = 5.0 V, Ta = +25°C unless otherwise noted.) 


Propagation Delay Time 
(Iq 200 mA, C_ = 15 pF, RL = 50 ohms) 
MC75461 
Low-to-High-Level Output 
High-to-tow-Level Output 
MC75462 
Low-to-High-Level Output 
High-to-Low-Level Output 
MC75463 
Low-to-High-Level Output 
High-to-Low-Level Output 
MC75464 
Low-to-High-Leve!l Output 
High-to-Low-Level Output 
Transition Time 
(Io © 200 mA, Cy = 15 pF, Ry. = 50 ohms) 
MC75461 
Low-to-High-Level Output 
High-to-Low-Level Output 
MC75462 
Low-to-High-Level Output 
High-to-Low-Level Output 
MC75463 
Low-to-High-Level Output 
High-to-Low-Level Output 
MC75464 
Low-to-High-Level Output 
High-to-Low-Level Output 
Output Voltage — High Logic Level after Switching (Latch-up Test) 
(Vg=30V Ig = 300mA) 





TEST CIRCUITS (Continued) 
(Current into terminal 1s shown as a positive value. 


FIGURE 3 — 1H Arrows indicate actual direction of current flow.) figure 4 — Wo 
(ALL DEVICE TYPES) (ALL DEVICE TYPES) 
Vv MC75461 45vVV 
cc Open MC75462 cc Open 
MC75463 ——» 
MC75464 | 





Each input is tested separately. als — 


Each input ts tested separately. 


FIGURE 5 — IccxH. Icce 
(ALL DEVICE TYPES) 


Vec Open 






MC75461 


MC75462 ~~ 


MC75463 
MC75464 


*See page 1 for specific gate type. Both gates are tested simultaneously. 
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MC75461, MC75462, MC75463, MC75464 


FIGURE 6 — SWITCHING TIMES TEST CIRCUIT AND WAVE FORMS 


24V 0.4V 










MC75463 
MC75464 
Vcc 10 V 


MC75461 
MC75462 



















To Scope 
(Input) 
} To Scope < 
(Output) S5.0ns a 
Pulse MC75462 
Generator CL= 15 pF and 
(See NoteA) (See Note B) MC75464 
Input Ov 
NOTES. A. Puls& generator characteristics: ty, = 0.5 us, 
PRR = 1.0 MHz, z, ~50 2 <S Ons 
B. Cy includes probe and test fixture capacitance. tnput 30V 
MC75461 ov 
and 
: MC75463 
VOH 
Output 
All VoL 


Types 


FIGURE 7 — OUTPUT VOLTAGE AFTER SWITCHING TEST CIRCUIT AND WAVEFORMS 
(LATCH-UP TEST) 


Vs =30V 


















To Scope O04V 5.0V 
(Input) 24V 1N3064 

MC75463 orEquiv] $1002 
M 

C75464 MC75461 To Scope 

(Output) 
Pulse 

Generator 

(See Note A) Cy = 15 pF 


(See Note B) 


ul 


Input 
MC75461 9 


and 1.5V 
= = = MC75463 







r— <5ns —| ~— <10ns 

3V 
| 

| 


Input 

MC75462 
and 

MC75464 


Output 


*See Page 1 for specific gate type. All Types 


NOTES: A. The pulse generator has the following characteristics PRR = 125 kHz, Zoyy= 502 
B. Cy, includes probe and jig capacitance. 
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MC75461, MC75462, MC75463, MC75464 


REPRESENTATIVE SCHEMATIC DIAGRAMS 
(1/2 Circuits Shown) 


MC75461 MC75462 





MC75463 MC75464 
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MC79491 
MC 75492 


(MA) MOTOROLA 


Specifications and Applications 
Information 


MULTIPLE 
LIGHT-EMITTING DIODE (LED) 
DRIVERS 
SILICON MONOLITHIC 
INTEGRATED CIRCUITS 


QUAD LED SEGMENT DRIVER — MC75491 
HEX LED DIGIT DRIVER — MC75492 


The MC75491 and MC75492 are designed to interface MOS logic 
to common cathode light-emitting diode readouts in serially ad- 
dressed multi-digit displays. Using a segment address and digit scan 
LED drive method in a time multiplexing system results in a 
minimizing of the number of required drivers. 

Low Input Current Requirement for MOS Compatibility 

Low Standby Power Drain 

Source or Sink Current Capability of 50 mA for MC75491 

Sink Current Capability of 250 mA for MC75492 

Four High-Gain Darlington Drivers in a Single Package — MC75491 

Six High-Gain Darlington Drivers in a Single Package — MC75492 


P SUFFIX 
PLASTIC PACKAGE 
CASE 646 


MC75491 CIRCUIT SCHEMATIC 


(1/4 Circuit Shown) 
CONNECTION DIAGRAMS 


MC75491 


TO OTHER 


DRIVERS 
OUTPUT C 
he ae ee 


MC75492 CIRCUIT SCHEMATIC 


(1/6 Circuit Shown) MC75492 


TRUTH TABLE 
TO OTHER 
INPUT [OUTPUT DRIVERS 
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MC75491, MC75492 


MAXIMUM RATINGS (Ta = 0 to +70°C unless otherwise noted.) 








To 


ae Vde 
[10 | 
es) 
E10 
ia 
ete 
mine 


-65 to +150 


Note 2. With the exception of the inputs, the GND terminal must always be the most negative device voltage for proper operation. 


Rating 
Bias Supply Voltage (See Note 1) 
Input Voltage (See Note 2) 
Collector Voltage (See Note 3) 
Collector-to-Emitter Voltage 
Collector-to-Input Voltage 
Emitter Voltage (Vin = 5.0 Vdc) 


Emitter-to-Input Voltage 


Continuous Collector Current (Each Collector) 
(All Collectors) 





Power Dissipation (Package Limitation) 
Ceramic and Plastic Dual In-Line Packages 
Derate above Ta = +25°C 








Operating Temperature Range 





Storage Temperature Range 








Note 1. Vgg terminal voltage is with respect to any other device terminal. 


Note 3. Voltage values are with respect to GND terminal unless otherwise noted. 


ELECTRICAL CHARACTERISTICS (Vgg = 10 Vdc, Ta = 0 to +70°C ee otherwise noted.) 


| c7sagns 1 MC75492 
Characteristic Symbol 


Typ 
Low-Level Collector-to-Emitter Voltage ‘VCEL 
(Vin = 8.5 V thru 1.0 kQ, lo-_ = 50 mA, 
Ve = 5.0 V) 
Ta = +25°C 
Ta =0 to +70°C 


High-Level Collector Current 
VcH = 10 V, Ve = 0, lin = 40 ZA 
VCH = 10 V, VE =9, Vin = 9.7 V 
















Vdc 

















Low-Level Output Voltage 
(Vin = 6.5 V thru 1.0 kQ, lo_ = 250 mA) 

Ta = +25°C 

Ta =0t0 +70°C 


High-Level Output Current 
VOH = 10 V, lin = 40 uA 
VOH = 10 V, Vin = 0.5 V 







Input Current at Maximum Input Voltage 
Vin = 10 V, loy = 20 mA 


Emitter Current — Reverse Bias 
Ic =0, Vin = 0, VE =5.0V 


Bias Supply Current (Vgg = 10 V) 
















Propagation Delay Time, High-to-Low Level 
Rx = 2002, VjyH = 4.5V,C_L = 15 pF,VeE=0 
Ry = 392, Vip = 7.5 V, Cz. = 15 pF 
Propagation Delay Time, Low-to-High Level 
Ci =15pF, Ve = 0, Ry, = 200 2, Vip = 4.5 Vde 
CL =15pF, Ry, = 39 Q, Vix = 7.5 Vde 


*To collector output. 


5-141 





MC75491, MC75492 


TYPICAL CHARACTERISTICS 
(Vgg = +10 Vdc, Ta = 425°C unless otherwise noted.) 





Mc75491 Mc75492 

FIGURE 1 — COLLECTOR CURRENT versus INPUT VOLTAGE FIGURE 2 — OUTPUT CURRENT versus INPUT VOLTAGE 

250 
(ee aa a aa (a 
2 as oa 
eS e° [| Ve=2sv 
i a 
oe a i ae 
: te 
: a a a 
2 > t_it| | | 
7 puaee 
i i a i a 
i 1. 0 25 
Vin, INPUT VOLTAGE (Vdc) Vin, INPUT VOLTAGE (VOLTS) 
FIGURE 3 — COLLECTOR CURRENT versus INPUT CURRENT FIGURE 4 — OUTPUT CURRENT versus INPUT CURRENT 


Ic, COLLECTOR CURRENT (mA) 
Ip, OUTPUT CURRENT (mA) 





0 50 100 150 200 250 300 350 = 400 
lin, INPUT CURRENT (uA) lin, INPUT CURRENT (uA) 


FIGURE 5 — COLLECTOR-TO-EMITTER VOLTAGE (ON) 


versus COLLECTOR CURRENT FIGURE 6 — OUTPUT VOLTAGE LOW versus OUTPUT CURRENT 


1.0 


Vo, OUTPUT VOLTAGE LOW (Vdc) 


Vcelon), COLLECTOR-TO-EMITTER VOLTAGE (Vdc) 





EEE TT 





LE LAN 


— 
— 
az 
== 
Hea 
sa 
fea 
a 
feel 
a 
ia 


Ic, COLLECTOR CURRENT (mA) Ip, QUTPUT CURRENT (mA) 
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MC75491, MC75492 


? 


’ TYPICAL CHARACTERISTICS and 
SWITCHING TIME CIRCUITS 


FIGURE 7 — MC75491/MC75492 INPUT CURRENT 
versus INPUT VOLTAGE 


Ve = 0 (MC75491) 
RL= 2202 to 10V 


- line INPUT CURRENT (mA) 





0 2.0 4.0 6.0 8.0 10 
Vin, INPUT VOLTAGE (Vdc) 


FIGURE 9 — SWITCHING WAVEFORM DEFINITIONS 


{ ( 
\ 
= h— TTHL <10ns 


OL 


The putse generator has the following characteristics: 
Zq = 50 2, PRR = 100 kHz, PW = 1.0 ys. 








FIGURE 8 — MC75491 SWITCHING CIRCUIT 


Pulse 
Generator 


(See Figure 9) 


GND (C,_ includes probe and 
jig capacitance.) 


FIGURE 10 — MC75492 SWITCHING CIRCUIT 


Pulse 
Generator 
(See Figure 9) 


GND (C_ inctudes probe and 
jig capacitance.) 


TYPICAL APPLICATIONS 


FIGURE 11 — QUAD-OR-HEX RELAY DRIVER 


MC75491 
or 


MC75492 


(MC75491 
only) 


R142 





FIGURE 12 — OUAD-OR-HEX LAMP DRIVER 


MC75491 
or 
MC75492 


= 
(MC75491 only) 


MC75491, MC75492 


TYPICAL APPLICATIONS (continued) 


FIGURE 14 — QUAD HIGH-CURRENT NPN 


FIGURE 13 — MOS-TO-MTTL LEVEL TRANSLATOR TRANSISTOR DRIVER 


MC75491 


Output 
To MTTL 





FIGURE 15 — QUAD-OR-HEX HIGH-CURRENT 
PNP TRANSISTOR DRIVER 


{MC75491 


1 
apm (MC75491 


only) 





8 (1/4 MC75491 Circuit) = 
2 Packages 


MOS 
Calculator 
Chip 
Multi-Digit LEO 
Display 
(N Digits) 


N(1/6 MC75492 Circuit) = 
2 Packages if N = 12 


———— This example uses time multiplexing of the individual digits in a visible display to minimize display 
circuitry. Up to twelve digits, each of which use a seven-segment display with decimal point, may 
+Vpp be displayed using only two MC75491 and two MC75492 drivers. 
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MC75491, MC75492 


TYPICAL APPLICATIONS (continued) 


FIGURE 18 — STROBED “NOR” DRIVER 


2-MC75491 
Circuits 


R_ = Lamp or Relay 


Input 1 input 2 


MC75491 
or 
Strobe _ MC75492 
Input 
(MC75491 
only) 





FIGURE 19 — DC MOTOR SPEED/DIRECTION CONTROL CIRCUIT 


Speed/Direction 
Control 


or Equiv Each amplifier symbol represents 1/4 MC75491 circuit (two packages total). 





Ar4dAn 





SN/5431 
$N75432 


(AA) MOTOROLA 


Product Preview 


DUAL 
PERIPHERAL 
DRIVERS 
DUAL POSITIVE AND/NAND 


PERIPHERAL DRIVERS SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


The SN75431 and SN75432 are dual peripheral drivers designed 
for systems employing either TTL or DTL logic. The SN75431 
provides a positive AND function and the SN75432 provides the 
positive NAND. 

These devices provide a high-speed interface to medium-voltage ; JG SUFFIX 
peripherals requiring drive currents up to 300 mA. Applications CERAMIC PACKAGE 
include high-speed buffers, line drivers, MOS drivers, memory ; Chsnea? 
drivers, and power drivers. 

Both parts are mechanically and functionally the same as the 
75450B, 460 and 470 equivilents. 


Characterized for Currents Up to 300 mA 
Very Fast Switching Speed 

TTL or DTL Compatible 

Standard 5.0 V Supply 


Available in Both Plastic and Ceramic Package P SUFFIX 
PLASTIC PACKAGE 
CASE 626 





SN75431 SN75432 
Positive AND Positive NAND 


Positive Logic Y = AB Positive Logic Y = AB 
Function Table (Each Driver) Function Table (Each Driver) 


H = High Level L = Low Level 





This is advance information and specifications are subject to change without notice. 
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SN7545 1BP 
SN75452BP 


(A) reeeeen SN75453BP 
SN75454BP 


DUAL PERIPHERAL DRIVERS DUAL 
PERIPHERAL DRIVERS 
These versatile devices are useful for interfacing digital logic to 
industrial electronic systems. They are useful as lamp drivers, relay SILICON MONOLITHIC 
drivers, logic buffers, line drivers, or MOS drivers. INTEGRATED CIRCUITS 
Each of these devices consists of a pair of MTTL gates with the 
output of each gate internally connected to the base of a transistor. 


SN75451BP provides the AND function 


SN75452BP provides the NAND function 

SN75453BP provides the OR function 

SN75454BP provides the NOR function f 
300 mA Output Current Capability 
Output Breakdown Voltage — 30 V Min 


MTTL compatible Inpu 
na puss U SUFFIX P SUFFIX 


Guaranteed AC Limits CERAMIC PACKAGE PLASTIC PACKAGE 
CASE 693 CASE 626 





SN75451BP — Positive AND SN75452BP — Positive NAND 


TRUTH TABLE 
EES i oe 


H = high level, L = low level 


1B 1B 1Y 


Positive Logic Y = AB Positive Logic Y = AB 


SN75453BP — Positive OR SN75454BP — Positive NOR 


TRUTH TABLE 


Ar ae 
H (‘off’’ state) 
aie 
pH | H | 


TRUTH TABLE 


H = high tevel, L = low level 





H (‘off state) 


high level, L - low level 


18 1B 1Y 


Positive Logic Y=A+B Positive Logic Y=A+B8B 
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SN75451BP, SN75452BP, SN75453BP, SN75454BP 


MAXIMUM RATINGS (Ta = 0°C to 70°C unless otherwise noted } 


Patra 
[—intereminter Varigeta) | —- 

30 Vae 
[io | 
















Output Current(4) 


Power Dissipation @ Ta = 25°C 
Derate above Ta = +25°C 


Operating Ambient Temperature Range 
Storage Temperature Range -65 to +150 


(1) Voltage values are with respect to network ground terminal. 

(2) This 1s the voltage between two emitters of a multiple-emitter transistor. 

(3) This is the maximum voltage which should be applied to any output when tt 

isin the ‘‘off’’ state 

Both halves of these dual circuits may conduct rated current simultaneously, 
however, power dissipation averaged over a short time interval must fall within the 
continuous dissipation rating 


(4 


ELECTRICAL CHARACTERISTICS (Uniess otherwise noted, specifications apply for 4.75 > Vcc = 5.25 V and 0°C < Ty < 70°C) 


PC haracterintic SS ——*dCFigure | Symbot | Min | Typ (1) | Max | Uni | 
Fiaput vonage High togeSwte SS SSCSC~C~—CsSCSSCS St | 20 | Ye 
F input Vortage — Low toge Sed tf dC ie 


Input Clamp Voltage 4 Vv) ~1.2 Vde 
(Voc = 4 75V, ty = -12 mA) 


Output Current — High Logic State 
(Vcc = 4.75 V, VoH = 30 V, Vip = 2.0 V) SN75451BP, SN75453BP 
(Vcc = 4.75 V, Von = 30 V, ViL = 0.8 V) SN75452BP, SN75454BP 


Output Voltage — Low Logic State 






















(Voc = 4.75 V, Vit = 08V) SN75451BP, SN75453BP 
(Voc = 4.75 V, Vin = 2.0 V) SN75452BP, SN75454BP 
(loL = 100 mA) 






(lot = 300 mA) 
Input Current — High Logic State 
(Vcc = §.25V, Vy = 2.4 V) 
(Vec = §.25V,V, =55V) 


Input Current — Low Logic State . 5 lie mA 
(Voc =525V,V,;=04V) 


Power Supply Current — Output High Logic State 

















(Vcc = 5.25 V, Vy = 50 V) SN75451BP 
(Vcc = 5.25 V, Vj} = 0) SN75452BP 
(Vcc = 5.25 V, Vy = 5.0 V) SN75453BP 
(Voc = 5.25 V, Vj = 0) SN75454BP 









Power Supply Current — Output Low Logic State 







(Vcc = 5 25 V, Vj = 0) mica tad 
(Vcc = 5.25 V, Vi = 50V) SN754528P 
(Vcc = 5 25V, V; = 0) SN75453BP 
(Véc = 5.25V,V) =50V) SN75454BP 






(1) Typical Values Measured with Vcc = 50 V, Ta = 25°C. 


TEST CIRCUITS 


(Current into terminal is shown as a positive value. 
Arrows indicate actual direction of current flow.) 


FIGURE 1- Vogt. FIGURE 2 — Ion, 
Vin ~ SN75452BP and SN75454BP Vin — SN75451BP and SN754538P 
Vit — SN75451BP and SN75453BP Vit — SN754528P and SN75454BP 


Vec 





SN75451BP SN75452BP 

'OL 

SN75451BP 
VIH SN75454BP “a, 
or 

Vie 

ner Vin or Vit 

SN75454BP ie 
SN75452BP = = = = = SN75453BP 
SN754538P 
*See Page 1 for specific gate type. Each input is tested separately. 
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SN75451BP, SN75452BP, SN75453BP, SN75454BP 


SWITCHING CHARACTERISTICS (Vcc = 5.0 V, Ta = +25°C unless otherwise noted.) 


Propagation Delay Time 
(Ig © 200 mA, CL = 15 pF, Ry = 50 ohms) 
SN75451BP 
Low-to-High-Level Output 
High-to-Low-Level Output 
SN75452BP 
Low-to-High-Level Output 
High-to-Low-Level Output 
SN75453BP 
Low-to-High-Level Output 
High-to-Low-Level Output 
SN75454BP 
Low-to-High-Level Output 
High-to-Low-Level Output 
Transition Time 
(19 © 200 mA, C, = 15 pF, Ry = 50 ohms) 
SN75451BP 
Low-to-High-Level Output 
High-to-Low-Level Output 
SN75452BP 
Low-to-High-Levef Output 
High-to-Low-Level Output 
SN75453BP 
Low-to-High-Level Output 
High-to-Low-Level Output 
SN75454BP 
Low-to-High-Level Output 
High-to-Low-Level Output 





TEST CIRCUITS (Continued) 
(Current into terminal is shown as a positive value 


FIGURE 3 — IH Arrows indicate actual direction of current flow.) rigurRe 4— Wet 
(ALL DEVICE TYPES) (ALL DEVICE TYPES) 
Vec Open SN75451BP 45VvV Vec Open 


SN75452BP 


SN75453BP ——-» 
SN75454BP 





Each input is tested separately iE 





Each input ts tested separately. 


FIGURE 5 — IccuH. IccL 
(ALL DEVICE TYPES) 


Vec Open 





SN75453BP A 
SN75454BP 


*See page 1 for specific gate type. Both gates are tested simultaneously. 


£& 4AN 





SN75451BP, SN75452BP, SN75453BP, SN75454BP 


FIGURE 6 — SWITCHING TIMES TEST CIRCUIT AND WAVEFORMS 











24Vv o4v <5 Ons 














SN75452BP 
SN75453BP and 
SN75451 BP — SN75454BP SN75454BP ‘ 
SN75452BP v Input Ov 
cc 10V 
To Scope 
(Input) 50 
To Scope <S0ns 
(Output) Input 30V 
Pulse 
Generator ist = 15 pF 
See N 
(See NoteA) ee Note B) SN75451BP ay 
: and 
a5 + + SN75453BP 
7 as VOH 
NOTES A Pulse generator characteristics ty = 05 us, 
PRR = 1.0 MHz, zg ~ 50 22 Output 
. B Cry tncludes probe and test fixture capacitance All Vou 
Types 


REPRESENTATIVE SCHEMATIC DIAGRAMS 
(1/2 Circuits Shown) 


SN75451BP SN75452BP 





SN75453BP SN75454BP 
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COMMUNICATION INTERFACE (Telephony) 


Temperature Range 


Commercial Military 
MC3416 —_— 
MC3417/ MC3517/ 
3418 3518 
MC3419 MC3519* 
*Industrial 


4x4x2 Crosspoint Switch ..... 


Continuously-Variable-Slope Delta 


Modulator/Demodulator .... 


Subscriber Loop Interface Circuit 
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(AA) MOTOROLA 


Specifications and Applications 
Information 


4x 4x 2 CROSSPOINT 
SWITCH 
4x 4x 2 CROSSPOINT SWITCH DIELECTRICALLY ISOLATED 
MONOLITHIC 
The MC3416 consists of a pair of 4 x 4 matrices of dielectrically INTEGRATED CIRCUIT 
isolated SCR’s, triggered by a common selection matrix. The device is 
intended for switching analog signals in communication systems. The 
use of dielectric isolation processing provides excellent crosstalk 
isolation while maintaining minimal insertion loss. 
The selection array consists of PNP transistors with the input 
thresholds compatible with either CMOS or TTL logic families. 
The MC3416 is a monolithic pin-for-pin replacement for the 
discontinued MCBH7601 hybrid device. 


L SUFFIX 
CERAMIC PACKAGE 
CASE 623 


Low Series Resistance — ron = 6.0 Ohms (Typ) @ lak =20mA 
High Series Resistance — ro¢¢ = 100 MQ (Min) 

Pin Compatible with MCBH7601 or RC4444 

High Breakdown Voltage — 30 V (Typ) 

Selection Matrix Compatible with TTL or CMOS Logic Levels 
Dielectric Isolation Insures Low Crosstalk and Low Insertion Loss 


P SUFFIX 
PLASTIC PACKAGE 
CASE 649 


FIGURE 1 — REPRESENTATIVE CELL SCHEMATIC 
(Repeated 16 Times) 


Anode A1 Anode A2 


(B1,C1,D1 (B2,C2,D2 
Reser are Equivalent) are Equivalent) 


PIN CONNECTIONS 


(X,Y,Z are Equivalent) 


Cathode 
W1 SCR1 SCR2 


(X1,¥1,21 are Equivalent) Cathode W2 


01 02 (xX2,¥2,22 are Equivalent) 
Column Select A 


(B,C,D are Equivalent) 


Cathode 
22 


FIGURE 2 — MATRIX CONFIGURATION AND NOMENCLATURE 
(X Indicates a Possible Connection) 
p'Columns c 


Colurnn 
SelectA 
Column 
Select B 
Column 
Select C 
Column 
Select O 
Associated Pairs 
Triggered 


Simultaneously 





MC3416 


MAXIMUM RATINGS (Unless otherwise noted, Ta = 25°C) 








Anode-Cathode Current — Continuous 
(only one SCR at a time) 


Enable Current 






a ST 
Anode Cathode Breakdown Voltage BVaK 
(lak = 25uA) 
Cathode-Anode Breakdown Voltage BVKA 
(Ik a = 25pA) 
Base-Cathode Breakdown Voltage : BVek 
(Ipk = 25uA) 
Cathode-Base Breakdown Voltage BVKB 
(kp = 25nA) 
Base-Emitter Breakdown Voltage ; BVBE - Vde 
(ige = 25pA) 







Emitter-Cathode Breakdown Voltage BVEK 
(leK = 25pA) 


OFF State Resistance 
(Vak =10V) 


Dynamic ON Resistance 
(Center Current = 10 mA) (See Figure 8) 
(Center Current = 20 mA) 



















Enable Current 
(Vg = 1.5 V) (See Figure 7) 


Anode-Cathode ON Voltage 
(tak = 10 mA) 
(lak = 20 mA) 


Gate Sharing Current Ratio @ Cathodes : 
(Under Select Conditions with Anodes Open) (See Figure 3) 

Inhibit Voltage Vinh 
(Vg = 3.0 V) (See Figure 9) 










Inhibit Current 
(VB = 3.0 V) (See Figure 9) 

OFF State Capacitance Cott 
(Vak = 0 V) ( See Figure 6) 

Turn-ON Time 
(See Figure 4) 

Minimum Voltage Ramp (Which Could Fire the SCR Under 
Transient Conditions) 


FIGURE 3 — TEST CIRCUIT 








4.5 mA 
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FIGURE 4 — TEST CIRCUIT FOR dv/dt AND toy 


Clock © 

















OVE Scope 
OVc¢ Scope 
Two Wire 
Crosspoint 
Element 
Under Test 


O+5V 

0 Vj Scope 
O+10V 
1.2k 

OVK Scope 


FIGURE 5 — TEST WAVEFORMS FOR dv/dt AND ton : a 


; 6.25 us 
6.25 us—> 
A 


FIGURE 7 — ENABLE CURRENT 
(Both SCR’s Must Turn On) 


10V le 10V 


















Inputs 
| { 
! | FIGURE 8 — THE CROSSPOINT SCR 
i 1-V CHARACTERISTIC (Ig = 0) 
Vk L! | | | | 
{ | { 
| 1 
Ve and Vy +10V I year 
+5 V I 
+0.8 V 

‘Breakdown 

<+8.5 V | | 

Voand Ve i I 
Output <+2.5 V dv/dt Test | SCR Must 
ton < 1s —+| Time < 25 us | Remain OFF iM. 


(at 50% Amplitude Points) 


for dv/dt < 800 V/us FIGURE 9 — INHIBIT VOLTAGE AND INHIBIT 
CURRENT (Both SCR’s Must Remain OFF) 


FIGURE 6 — TEST CIRCUIT FOR OFF-STATE CAPACITANCE Vinh 
10V 3.3V ‘inh 10 V 


All Device Pins Other Than Pins 
Under Test Are Connected to Test 
Equipment Ground Terminal 





= *Three-Termina!, Guarded, Differential Capacitance Meter 
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MC3416 


TYPICAL CHARACTERISTICS 


FIGURE 10 — HOLDING CURRENT versus FIGURE 11 — ANODE-CATHODE ON VOLTAGE versus 
AMBIENT TEMPERATURE CURRENT AND TEMPERATURE 


EngE 


eal gLite 
eye tel sr ied 


IH, HOLDING CURRENT (mA) 
VaK, ANODE-CATHODE(VOLTS) 





LTT TTY TTY 22 
Pee beste eli cae 
eee aia 


ina 
pea 
mal 
eae 
L— 
ian 
pea 
eel 
Hin 
|| 





SAA VETS 
RET RERGUEE 
RaRB Ee 


-10 oO 10 20 30 40 50 60 #70 «80 90 
TA, AMBIENT TEMPERATURE (°C) ; IAK, ANODE CATHODE CURRENT (mA) 
FIGURE 12 — DIFFERENCE IN ANODE-CATHODE ON 
Vv 


OLTAGE (Between Associate Pairs of SCR’s) FIGURE 13 — OFF-STATE CAPACITANCE versus ANODE- 
versus ANODE-CATHODE CURRENT CATHODE VOLTAGE 


Cee Cee 

SSI Co 

TN a Co 
cores oo 
0 























VOLTAGE (mv) 
+ 
Coff, OFF STATE CAPACITANCE (pF) 


HI 

Hil 

Hina 
10 


aK, ANODE CATHODE CURRENT (mA) VaK, ANODE-CATHODE VOLTAGE (VOLTS) 





il PEER RRES 
RUReenneee 





Wer Safe papas) 


— 
PLN NA 
ET 
FTTH TT 
PLU TTT 
et Lr 
Het 
0 2 


f 


FIGURE 14 — DYNAMIC ON RESISTANCE versus ANODE- FIGURE 15 — DYNAMIC ON RESISTANCE versus 
CATHODE CURRENT AMBIENT TEMPERATURE 





Pe 





Ton, DYNAMIC RESISTANCE (OHMS) 
Ton, DYNAMIC RESISTANCE (OHMS) 





a 
(ee eed 
aes 
Pl ae 

asi 
Ea ae 
eee ea 
| 
en aes 
[ass eat 
| 
a se 
a oa 
ae Ae 


0 
o 20 40 60 80 0 12 4 #4 18 20 0 10 2 30 4 60 70 80 90 
tak, ANODE CATHODE CURRENT (mA) Ta, AMBIENT TEMPERATURE (°C) 
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FIGURE 16 — FEEDTHROUGH versus SIGNAL FREQUENCY FIGURE 17 — CROSSTALK versus SIGNAL FREQUENCY 
LO mn 
: TILA - 

- WD ail 

a sl - | 

& -90 AL % -90 

: HH eee mg fil 

= 100 3 100 i 

: I LeapTisetomem (TT E er Hill 

irr) (See Figure 19) 

“a AEE mT Tit En ee iin 
mies til oo a H 
aleseta Ve Ei 

0.1 50 10 50 100 01 10 100 
"iui FREQUENCY (kHz) acai siconciee sles 


FIGURE 18 — TEST CIRCUIT FOR FEEDTHROUGH versus FREQUENCY 


Ta = 25°C, v, = 12 dBm, Crosspoints Off 
Feedthrough = 20 Logyg (vo/v,) 





FIGURE 19 — TEST CIRCUIT FOR CROSSTALK versus FREQUENCY 


Wave 
Analizer 


TA 25°C, vj = 12 dBm, Crosspoints On 
Crosstalk = 20 Log4g (V92/v94) 
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Anode 


Row Select W 


15 | Cathode 
W1 


Row Select X 


13 | Cathode 


x1 


Row Select Y 


34] Cathode 
Y1 


Row Select Z 


2 | Cathode 
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TELEPHONE APPLICATION OF THE CROSSPOINT SWITCH 


The MC3416 crosspoint switch is designed to provide 
a low-loss analog switching element for telephony signals. 
It can be addressed and controlled from standard binary 
decoders and is CMOS compatible. With proper system 
organization the MC3416 can significantly reduce the size 
and cost of existing crosspoint matrices. 


SIGNAL PATH CONSIDERATIONS 

The MC3416 is abalanced 4x 4 2-wire crosspoint array. 
It is ideal for balanced transmission systems, but may be 
applied effectively in a number of single ended applications. 
Multiple chips may be interconnected to form larger cross- 
point arrays. The major design constraint in using SCR 
crosspoints is that a forward dc current must be main- 


tained through the SCR to retain an ac signal path. This 
requires that each subscriber-input to the array be capable 
of sourcing dc current as well as its ac signal. With each 
subscriber acting as a dc source, each trunk output then 
acts as a current sink. The instrument-to-trunk connection 
in Figure 21 shows this configuration. However, with each 
subscriber acting as a dc source, some method of inter- 
connecting them without a trunk must be provided. Such 
a local or intercom termination is shown in Figure 22. 
Here both subscribers source dc current and exchange ac 
signals. The central current sink accepts current from both 
subscribers while the high output impedance of the current 
sink does not disturb the system. 

These configurations are system compatible. The dc 


FIGURE 21 — INSTRUMENT-TO-TRUNK CONNECTION 


Emitter Selects 
CMOS Outputs 


Instrument 


All CMOS 
Operated From 
+15 V Power 

Supply 


CMOS Outputs Base Selects 


Disconnect 
Enable 







-15V 


FIGURE 22 —TYPICAL INSTRUMENT TO INSTRUMENT CONNECTION 







Instrument 


Disconnect 
Enable 


x 


Local or Intercom 
Terminator 


+15 V 


Instrument 





Base Selects Are Active 
Low CMOS Outputs 


All CMOS Logic 
Operated From +15 V 
Power Supply 


—-15 V 
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current restriction is not a restriction in the design of 
an efficient crosspoint array. Because of the current sink 
terminations, a signal path may use differing numbers of 
crosspoints in any connection or in two sides of the same 
connection further relaxing restrictions in array design. 
Figure 23 demonstrates circuit operation. S1, S2, and 
S3 are open. The Crosspoint SCR’s are off as they have no 
gate drive or dc current path through S1. By closing S2 and 
S3, gate drive is provided, but the SCR’s still remain off as 
there is no dc current path to hold them on. Close S1 and 
the circuit is enabled, but with S2 and S3 off there is still 
no signal path. Closing S2 and $3 with S1 closed — current 
is injected into both gates and they switch on. DC current 
through RL, splits around the center-tapped winding and 
flows through each SCR, back through the lower winding 
and through $1 to ground. If $2 and S3 are opened, that 
current path still remains and the SCRs remain on. If an ac 
signal is injected at either G1 or G2, it will be transmitted 
to the other signal port with negligible loss in the SCR’s. To 
disconnect the ac signal path the SCR’s must be com- 
mutated off. By opening S1 the de current path is inter- 


rupted and the SCR’s switch off. The ac signal path is dis- 
connected. With S1 closed the circuit is enabled and may 
be addressed again from S2 and S3. This circuit demon- 
strates a balanced transmission configuration. The trans- 
mission characteristics of the SCR’s simulate a relay con- 
tact in that the ac signal does not incur a contact voltage 
drop across the crosspoint. The memory characteristics of 
the crosspoint are demonstrated by the selective application 
of $1, S2, and S3. 

The selection of RL is governed by the power supply 
voltage and the desired dc current. If 10 mA is to flow 
through each SCR then Ri must pass 20 mA. Thus, 
(Vcc - VAK)/RL= 20 mA. The selection of Rp is governed 
by the characteristics for crosspoint turn on. Adequate 
enable current must be injected into the column select 
and Rp should drop at least 1.5 Volts. The PNP transistor 
has a typical gain of one. Thus, Rp should pass at least 
2 mA to provide 4 mA column select current. 


FIGURE 23— CROSSPOINT OPERATION 
DEMONSTRATION CIRCUIT 


Column 
Select A 


Row 
Select W 





s1 


ADDRESSING CONSIDERATIONS 

The MC3416 crosspoint switch is addressed by selecting 
and turning on the PNP transistor that controls the SCR 
pair desired. The drive requirements of the MC3416 can be 
met with standard CMOS outputs. A particular crosspoint 
is addressed by putting a logical ‘1’ on the emitter and a 
logical ‘0’ on the base of the appropriate transistor. A 
resistor in the base circuit of the transistor is required to 
limit the current and must also drop 1.5 Volts to assure 
forward bias of the two diodes in the collector circuits. 


| si_|sz_|s3 | uineconoition | 
|_ON | 
| ON | OFF] X_| Enabled, Not Connected __| 
L_ON | 
|_ON | 
|_OFF| 


ON | Addressed and Connected 
Gi Connected to G2 


X = irrelevant 
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The gate current required for SCR turn on is 1 mA typically. 
The CMOS one-of-n decoders listed in Table | provide 
both active high and active low outputs and are well suited 
for standard addressing organizations. The major design 
constraint in organizing the addressing structure is that 
any signal path which is to be addressed must create a dc 
path from a source to a sink, If that path requires two 
crosspoints they must be addressed simultaneously. Of 
course, once the path is selected, the addressing hardware 
is free to initiate other signal paths. To meet the dc path 


MC3416 


APPLICATIONS INFORMATION (continued) 


requirement, crosspoint arrays should be designed in blocks 
such that any given dc path requires only one crosspoint 
per block. A signal path, however, may still use two cross- 
points in the same block by sequentially addressing two 
dc paths to the same terminator. For example, the teft or 
right pairs of crosspoints in Figure 22 must be addressed 
simultaneously but the left pair may be addressed in 
sequence after addressing the right pair. This is not a 
difficult constraint to meet and it does not require unneces- 
sary addressing hardware. 


TABLE | 
Active High Outputs 
















MC14556 
MC14515 


MC14555 
MC14514 
MC14028 


Oual Binary to 1 of 4 
4-bit latch/4 to 16 
BCD to Decimal Decode 






DISCONNECT TECHNIQUES 

Since the crosspoint switch maintains signal paths by 
keeping dc currents through active SCR’s, disconnects are 
easily accomplished by interrupting the de current path. 
This can be done anywhere in the circuit, but if the dis- 
connect is done at the terminator then all signa! paths 
established to that terminator are broken simultaneously. 
In both Figures 21 and 22 this is done by turning off the 
current sink circuit with a CMOS buffer gate. MC14049 
or MC14050 buffers will drive the transistor switch. Once 
adisconnect is completed, the terminator may be re-enabled 
and used for another call. Usage of the terminators may be 
easily monitored with optoelectronic couplers in the 
collectors of the current sinks without disturbing trans- 
mission characteristics. 


See Application Note AN-760 for additiona! applications suggestions. 
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(AA) MOTOROLA 


Specifications and Applications 
Information 


CONTINUOUSLY VARIABLE SLOPE 
DELTA MODULATOR/DEMODULATOR 


Providing a simplified approach to digital speech encoding/ 
decoding, the MC3517/18 series of CVSDs is designed for military 
secure communication and commercial telephone applications. 
A single IC provides both encoding and decoding functions. 


Encode and Decode Functions on the Same Chip with 

a Digital Input for Selection 
Utilization of Compatible 12L — Linear Bipolar Fechnology 
CMOS Compatible Digital Output 


Digital Input Threshold Selectable (VcC/2 reference 
provided on chip) 


MC3417/MC3517 has a 3-Bit Algorithm (General 
Communications) 


MC3418/MC3518 has a 4-Bit Algorithm (Commercial Telephone) 


CVSD BLOCK DIAGRAM 


Encode/ 
Decode Clock 


Oual Input 
Analog tnput o! a Com ree 
Analog Feedback 2} > ome 
KE 3- or 4-Bit 


Digital, ¢ 
Data Input 13 > 


Digital 42 
Threshold) VTH 


Shift Register 
= a pce 


° Coincidence 
Digital 9 Output 
Integrator Syllabic 
Amplifier o Filter 
e Gain Control 
—— 
Output loc 


Analog Ref Filter 
Output Input Input 
(+) (-) 





MC3417, MC3517 
MC3418, MC3518 


CONTINUOUSLY VARIABLE 
SLOPE DELTA 
MODULATOR/DEMODULATOR 


LASER-TRIMMED 
INTEGRATED CIRCUIT 


L SUFFIX 
CERAMIC PACKAGE 
CASE 620 


PIN CONNECTIONS 


Analog 
Input 


Analog 
Feedback 


Syllabie 
Filter 


Gain Digital Data 
Control Input (-) 


Digital 
Threshold 


Coincidence 
Output 


Vcc/2 
Output 


Digital 
Output 
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MAXIMUM RATINGS 
(All voltages referenced to Veg, Ta= 25°C unless otherwise noted.) 


Power Supply Voltage -0.4 to +18 
VTH 












| Unit _| 

Differential Analog Input Voltage Vib 

Digital Threshold Voltage | VtH |  -0.4toVcc | Vac | 
(Clock, Digital Data, Encode/Decode) 

? 

| Vdc _| 


Vdc 
dc 
de 
de 
dc 
dc 
dc 

Vdc 

mA 


Coincidence Output Voltage -0.4 to +18 
Syllabic Filter Input Voltage Vitsyl) -0.4to Vcc 











Gain Control Input Voltage ViuGcc) -0.4to Vcc 
Reference Input Voltage VitrRef) | Vcc/2 - 1.0 to Vcc 











ELECTRICAL CHARACTERISTICS 
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mA 
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4.75 
: 1.3 
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(Vcc = 12 V, Veg = Gnd, Ty =0°C to +70°C for MC3417/18, Ta = -55°C to +125°C for MC3517/18 unless otherwise noted.) 
MC3417/MC3517 MC3418/MC3518 
Characteristic Symbol 
4 
Power Supply Current (Figure 1) lec 
(Idle Channel} 
(Vec = 15 V) 
Clock Rate ) sR | 
Analog Comparator Input Range a 
(Pins 1 and 2) 
(4.75 V < Vcc < 165 V) 
Analog Output Range (Pin 7) Vo 
(4.75 V < Vcc < 165 V, Ig = + 5.0 mA) 
(Comparator in Active Region) 
Analog Input (11) 
10 











Power Supply Voltage Range (Figure 1) Vecr 715 
(Vcc = 5.0 Vv) 

Gain Control Current Range (Figure 2) IGcr 

Input Bias Currents (Figure 3) 
Analog Feedback (12) 






37 
6.0 
Syllabie Filter Input (13) 


| Min | 
| 475 | 
| = 
| 0.001 
Reference Input (t5) “A 
Input Offset Current 
(Comparator in Active Region) 
Analog Input/Analog Feedback 
11-12] — Figure 3 
Integrator Amplifier 
115-16] — Figure 4 
















2.0 


o ° 
Or oO; > oO 
= a 


Input Offset Voltage Vv 
V/I Converter (Pins 3 and 4) — Figure 5 
Transconductance 


V/\ Converter, 0 to 3.0 mA 
Integrator Amplifier,O to + 5.0 mA Load 
Propagation Delay Times (Note 1) 
Clock Trigger to Digital Output 
(Cy, = 25 pF to Gnd) 
Clock Trigger to Coincidence Output 
(CL = 25 pF to Gnd) 
(RL =4kQ to Vcc) 
Coincidence Output Voltage — 
Low Logic State 
(lot (Con) = 30 mA) 
Coincidence Output Leakage Current — 


mae a ee 
1OH{Con) 
High Logic State 
(VoH = 15.0 V,0°C < Ta < 70°C) 


NOTE 1. All propagation delay times measured 50% to 50% from the negative going (from Vcc to +0.4 V) edge of the clock. 







0.1 
1.0 








Or o> pied 
nowo Sw 
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Input Current — Low Logic State 
(Vi_ = OV) 
Digital Data Input 
















ELECTRICAL CHARACTERISTICS (continued) 
Characteristic — =e 
Applied Digital Threshold Voltage Range 
(Pin 12) 
Digttal Threshold Input Current 
(1.2 V < Vth < Voc - 2.0 V) 
(Vi_ applied to Pins 13, 14 and 15) 
(Vip applied to Pins 13, 14 and 15) 
[Maximum IntearatorAmpliierOurpurCurrent| To | 760 _| 
Vec/2 Generator Maximum Output Current IRef +10 
(Source only) GA 
Ceca aac 
(0 to +10 mA) 
Vcc/2 Generator Tolerance 
(4.75 V <Vec < 16.5 V) 
Logic Input Voltage (Pins 13, 14 and 15) 
Low Logic State VoL 
High Logic State VIH Vtht US 4 
Dynamic Total Loop Offset Voltage UVoffset 
(Note 2) — Figures 3, 4 and 5 
Igc =120HA, Vcc =12V 
Ta = 25°C 
0°C<Ta<+70°C = MC3417/18 
-55°C < Ta < +125°C mc3517/18 
IGc = 33.0 vA, Voc = 12 V 
Ta= 25°C 
0°C <Ta <+70°C = MC3417/18 
~55°C € Ta < +125°C MC3517/18 
Igo = 12.0 HA, Vcc =50V 
Ta = 25°C 
0°C <Ta <+70°C = MC3417/18 
-55°C < Ta < +125°C mc3517/18 
loc = 330 uA, Vee =5.0V 
Ta = 25°C * 
0°C <TaA<+70°C = MC3417/18 + pa 
-55°C < Ta < +125°C MC3517/18 £5 
Digital Output Voltage : 
(loi = 3.6 mA) VOL 0.1 0.1 
OS amy) VoH |Vec-10} Vcc - 9.2 Vee 18 Vec - 0.2 
eee ee ee oe ed 
(Figure 2) 
Integrating Current (Figure 2) 
(Igc = 12.0 nA) uA 
(Igc = 1.5 mA) rae ‘= ve oe 
(Igc = 3.0 mA) 2.75 3.25 2.75 
Dynamic Integrating Current Match VolAve) + 100 + 250 + 100 + 250 
(Igc = 1.5 mA) Figure 6 
Input Current — High Logic State 
(Vin = 18 V} 
Digital Data Input +5.0 +50 
Clock Input +5.0 +50 
Encode/Decode Input +50 +5.0 
Clock Input 
Encode/Decode tnput 
Clock Input, Vi_ =0.4 V 
NOTE 2, Dynamic total loop offset (ZVoffset) equals Vig (comparator) (Figure 3) minus Vigx (Figure 5). The input offset voltages of the 
analog comparator and of the integrator amplifier include the effects of input offset current through the input resistors. The slope 
polarity switch current mismatch appears as an average voltage across the 10 k integrator resistor. For the MC3417/MC3517, the 
clock frequency is 16.0 kHz. For the MC3418/MC3518, the clock frequency 1s 32.0 kHz. Idle channel performance is guaranteed if 
this dynamic total ioop offset is less than one-half of the change in integrator output voltage during one clock cycle (ramp step size). 
Laser trimming Is used to insure good idle channel performance. 
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DEFINITIONS AND FUNCTION OF PINS 


Pin 1 — Analog Input 

This ts the analog comparator inverting input where 
the voice signal is applied. It may be ac or dc coupled 
depending on the application. If the voice signal is to be 
level shifted to the internal reference voltage, then a bias 
resistor between pins 1 and 10 is used. The resistor 
is used to establish the reference as the new dc average of 
the ac coupled signal. The analog comparator was designed 
for low hysteresis (typically less than 0.1 mV) and high 
gain (typically 70 dB). 


Pin 2 — Analog Feedback 

This is the non-inverting input to the analog signal 
comparator within the IC. In an encoder application it 
should be connected to the analog output of the encoder 
circuit. This may be pin 7 or a low pass filter output 
connected to pin 7. In a decode circuit pin 2 is not used 
and may be tied to V¢c/2 on pin 10, ground or left open. 

The analog input comparator has bias currents of 
1.5 uA max, thus the driving impedances of pins 1 and 2 
should be equal to avoid disturbing the idle channel 
characteristics of the encoder. 


Pin 3 — Syllabic Filter 

This is the point at which the syllabic filter voltage is 
returned to the IC in order to control the integrator step 
size. It is an NPN input to an op amp. The syllabic filter 
consists of an RC network between pins 11 and 3. Typical 
time constant values of 6 ms to 50 ms are used in voice 
codecs. 


Pin 4 — Gain Control Input 

The syllabic filter voltage appears across Cs of the 
syllabic filter and is the voltage between Vcc and pin 3. 
The active voltage to current (V-1I) converter drives 
pin 4 to the same voltage at a slew rate of typically 
0.5 V/us. Thus the current injected into pin 4 (IGc) 
is the syllabic filter voltage divided by the Rx resistance. 
Figure 6 shows the relationship between !GC (x-axis) and 
the integrating current, I[n¢ (y-axis). The discrepancy, 
which is most significant at very low currents, is due to 
circuitry within the slope polarity switch which enables 
trimming to a low total loop offset. The Rx resistor is 
then varied to adjust the loop gain of the codec, but 
should be no larger than 5.0 kQ to maintain stability. 


Pin 5 — Reference Input 

This pin is the non-inverting input of the integrator 
amplifier. It is used to reference the dc level of the output 
signal. In an encoder circuit it must reference the same 
voltage as pin 1 and is tied to pin 10. 


Pin 6 — Filter Input 
This inverting op amp input is used to connect the 
integrator external components. The integrating current 
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(lint) flows into pin 6 when the analog input (pin 1) is 
high with respect to the analog feedback (pin 2) in the 
encode mode or when the digital data input (pin 13) is 
high in the decode mode. For the opposite states, I{nt 
flows out of Pin 6. Single integration systems require a 
Capacitor and resistor between pins 6 and 7. Multipole 
configurations will have different circuitry. The resistance 
between pins 6 and 7 should always be between 8 kQ and 
13 kQ to maintain good idle channel characteristics. 


Pin 7 — Analog Output 

This is the integrator op amp output. It is capable of 
driving a 600-ohm load referenced to Vc¢/2 to +6 dBm 
and can otherwise be treated as an op amp output. Pins 5, 
6, and 7 provide full access to the integrator op amp 
for designing integration filter networks. The slew rate 
of the internally compensated integrator op amp is 
typically 0.5 V/us. Pin 7 output is current limited for 
both polarities of current flow at typically 30 mA. 


Pin 8 — VEE 

The circuit is designed to work in either single or dual 
power supply applications. Pin 8 is always connected to 
the most negative supply. 


Pin 9 — Digital Output 

The digital output provides the results of the delta 
modulator’s conversion. It swings between Vcc and 
VEE and is CMOS or TTL compatible. Pin 9 is inverting 
with respect to pin 1 and non-inverting with respect 
to pin 2. It is clocked on the falling edge of pin 14. 
The typical 10% to 90% rise and fall times are 250 ns and 
50 ns respectively for Vcc = 12 V and CL = 25 pF 
to ground. 


Pin 10 — Vcc/2 Output 

An internal low impedance mid-supply reference is 
provided for use of the MC3417/18 in single supply 
applications. The internal regulator is a current source 
and must be loaded with a resistor to insure its sinking 
capability. If a +6 dBmo signal is expected across a 
600 ohm input bias resistor, then pin 10 must sink 
2.2 V/600 Q = 3.66 mA. This is only possible if pin 10 
sources 3.66 mA into a resistor normally and will source 
only the difference under peak load. The reference load 
resistor is chosen accordingly. A 0.1 LF bypass capacitor 
from pin 10 to VEE is also recommended. The Vcc/2 
reference is capable of sourcing 10 mA and can be used 
as a reference elsewhere in the system circuitry. 


Pin 11 — Coincidence Output 

The duty cycle of this pin is proportional to the 
voltage across Cs. The coincidence output will be low 
whenever the content of the internal shift register is all 
1s or all Os. In the MC3417 the register is 3 bits long 
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DEFINITIONS AND FUNCTIONS OF PINS (continued) 


while the MC3418 contains a 4 bit register. Pin 11 is an 
open collector of an NPN device and requires a pull-up 
resistor. If the syllabic filter is to have equal charge and 
discharge time- constants, the value of Rp should be 
much less than Rs. In systems requiring different charge 
and discharge constants, the charging constant is RsCs 
while the decaying constant is (Rg + Rp)Cs. Thus longer 
decays are easily achievable. The NPN device should not 
be required to sink more than 3 mA in any configuration. 
The typical 10% to 90% rise and fall times are 200 ns and 
100 ns respectively for RL = 4 k22Q to +12 V and CL = 
25 pF to ground. 


Pin 12 — Digital Threshold 

This input sets the switching threshold for pins 13, 14, 
and 15, It is intended to aid in interfacing different logic 
families without external parts. Often it is connected to 
the Vcc/2 reference for CMOS interface or can be biased 
two diode drops above VEE for TTL interface. 


Pin 13 — Digital Data Input 

In a decode application, the digital data stream is 
applied to pin 13. In an encoder it may be unused or may 
be used to transmit signaling message under the con- 
trol of pin 15. It is an inverting input with respect to 
pin 9. When pins 9 and 13 are connected, a toggle 
flip-flop is formed and a forced idle channel pattern 


FIGURE 1 — POWER SUPPLY CURRENT 


cvsD 
MC3517 


MC3518 





can be transmitted. The digital data input level should be 
maintained for 0.5 us before and after the clock trigger 
for proper clocking. 


Pin 14 — Clock Input 

The clock input determines the data rate of the codec 
circuit. A 32K bit rate requires a 32 kHz clock. The 
switching threshold of the clock input is set by pin 12. 
The shift register circuit toggles on the falling edge of the 
clock input. The minimum width for a positive-going 
pulse on the clock input is 300 ns, whereas for a negative- 
going pulse, it is 900 ns. 


Pin 15 — Encode/Decode 

This pin controls the connection of the analog input 
comparator and the digital input comparator to the 
internal shift register. If high, the result of the analog 
comparison will be clocked into the register on the 
falling edge at pin 14. If low, the digital input state will be 
entered. This allows use of the IC as an encoder/decoder 
or simplex codec without external parts. Furthermore, it 
allows non-voice patterns to be forced onto the trans- 
mission line through pin 13 in an encoder. 


Pin 16 —Vcc 
The power supply range is from 4.75 to 16.5 volts 
between pin Vcc and VEE. 


FIGURE 2 — Igcr, GAIN CONTROL RANGE and 
lint — INTEGRATING CURRENT 


cvso 
MC3517 Data Input 
MC3518 


01 ur 
n Digital 
Output 


Note. Digital Output = Digital Data Input 


*For static testing, the clock is only necessary for 
Preconditioning to obtain proper state for a given tnput. 
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FIGURE 3 — INPUT BIAS CURRENTS, ANALOG FIGURE 4 — INTEGRATOR AMPLIFIER OFFSET 
COMPARATOR OFFSET VOLTAGE AND CURRENT VOLTAGE AND CURRENT 


V1O(comparator) 


cVSD 
4 mc3517 
MC3518 ; 


CvsD 
MC3517 
MC3518 


(Integrator 
Amplifier 
Offset 
Voltage) 


Note: The analog comparator offset voltage is tested 
under dynamic conditions and therefore must 
be measured with appropriate filtering. 





FIGURE 5 — V/I CONVERTER OFFSET VOLTAGE, 
Vio and Viox FIGURE 6 — DYNAMIC INTEGRATING CURRENT MATCH 


*32 kHz MC3418/MC3518 
16 kHz MC3417/MC3517 


cvsD 
MC3517 
MC3518 

cvsD 
MC3517 
MC3518 


ViOx 
(Integrator 
Amplifier 
Offset 
Voltage 
plus Slope 
Polarity 
Switch 
Mismatch) 


Vo(Av) 
(Note 1) 


*32 kHz MC3418/MC3518 
16 kHz MC3417/MC3517 
Notes. 1. Vol(AV): Dynamic Integrating Current Match, 
is the average voltage of the triangular wave- 
form Observed at the measurement points, 
across 10 kQ resistor with IG¢ = 1.5 mA. 
2. See Note 2 of the Electrical Characteristics, 
page 3 


Note: Viox Is the average voltage of the triangular 
waveform observed at the measurement points. 
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TYPICAL PERFORMANCE CURVES 


FIGURE 8 — NORMALIZED DYNAMIC 
FIGURE 7 ~ TYPICAL Ijn¢ versus Ig¢ (Mean + 20) INTEGRATING CURRENT MATCH versus Vcc 
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FIGURE 11 — BLOCK DIAGRAM OF THE CVSD ENCODER 
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FIGURE 12 — CVSD WAVEFORMS 
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FIGURE 13 — BLOCK DIAGRAM OF THE CVSD DECODER 
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FIGURE 14 — 16 kHz SIMPLEX VOICE CODEC 
(Using MC3417, Single Pole Companding and Single tntegration) 
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CIRCUIT DESCRIPTION 


The continuously variable slope delta modulator 
(CVSD) is a simple alternative to more complex conven- 
tional! conversion techniques in systems requiring digital 
communication of analog signals. The human voice is 
analog, but digital transmission of any signal over great 


distance is attractive. Signal/noise ratios do not vary with ° 


distance in digital transmission and multiplexing, 
switching and repeating hardware is more economical and 
easier to design. However, instrumentation A to D con- 
verters do not meet the communications requirements. 
The CVSD A to D is well suited to the requirements of 
digital communications and is an economically efficient 
means of digitizing analog inputs for transmission. 


The Delta Modulator 

The innermost control loop of a CVSD converter is 
a simple delta modulator. A block diagram CVSD Encoder 
is shown in Figure 11. A delta modulator consists of a 
comparator in the forward path and an integrator in 
the feedback path of a simple contro! loop. The inputs 
to the comparator are the input analog signal and the 
integrator output. The comparator output reflects the 


6-20 


sign of the difference between the input voltage and 
the integrator output. That sign bit is the digital output 
and also controls the direction of ramp in the integrator. 
The comparator is normally clocked so as to produce 
a synchronous and band limited digital bit stream. 

If the clocked serial bit stream is transmitted, 
received, and delivered to a similar integrator at a remote 
point, the remote integrator output is a copy of the 
transmitting control loop integrator output. To the 
extent that the integrator at the transmitting locations 
tracks the input signal, the remote receiver reproduces 
the input signal. Low pass filtering at the receiver output 
will eliminate most of the quantizing noise, if the clock 
rate of the bit stream is an octave or more above the 
bandwidth of the input signal. Voice bandwidth is 4 kHz 
and clock rates from 8 k and up are possible. Thus the 
delta modulator digitizes and transmits the analog input 
to a remote receiver. The serial, unframed nature ofthe 
data 1s ideal for communications networks. With no 
input at the transmitter, a continuous one zero alternation 
is transmitted. If the two integrators are made leaky, then 
during any loss of contact the receiver output decays to 
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CIRCUIT DESCRIPTION (continued) 


zero and receive restart begins without framing when the 
receiver reacquires. Similarly a delta modulator is tolerant 
of sporadic bit errors. Figure 12 shows the delta modu- 
lator waveforms while Figure 13 shows the corresponding 
CVSD decoder block diagram. 


The Companding Algorithm 


The fundamental advantages of the delta modulator 


are its simplicity and the serial format of its output. 
Its limitations are its ability to accurately convert the 


input within a limited digital bit rate. The analog input 


must be band limited and amplitude limited. The fre- 
quency limitations are governed by the nyquist rate while 
the amplitude capabilities are set by the gain of the 
integrator. / 


va 
The frequency limits are bounded on the upper end; 


that is, for any input bandwidth theyré exists a clock 


frequency targer than that bandwidth which will trans- 
mit the signal with a specific noise level. However, the 
amplitude limits are bounded.on both upper and lower 


ends. For a signal level, oné specific gain will achieve an 
Optimum noise level” Unfortunately, the basic delta 
a eu ae dynamic range over which the 
noise level is constant. 

The continuously variable slope circuitry provides 
increased dynamic range by adjusting the gain of the 
integrator. For a given clock frequency and input 
bandwidth the additional circuitry increases the delta 
modulator’s dynamic range. External to the basic 
delta modulator is an algorithm which monitors the 
past few outputs of the delta modulator in a simple 
shift register. The register is 3 or 4 bits long depending on 
the application. The accepted CVSD algorithm simply 
monitors the contents of the shift register and indicates 


if it contains all 1s or Os. This condition 1s called coinci- 
dence. When it occurs, it indicates that the gain of the 
integrator is too small. The coincidence output charges 
a single pole low pass filter. The voltage output of this 
syllabic filter controls the integrator gain through a pulse 
amplitude modulator whose other input is the sign bit 
or up/down control. 

The simplicity of the all ones, all zeros algorithm 
should not be taken lightly. Many other control algo- 
rithms using the shift register have been tried. The key to 
the accepted algorithm is that it provides a measure of 
the average power or level of the input signal. Other 
techniques provide more instantaneous information 
about the shape of the input curve. The purpose of 
the algorithm is to control the gain of the integrator 
and to increase the dynamic range. Thus a measure of 
the average input level is what is needed. 

The algorithm is repeated in the receiver and thus 
the level data is recovered in the receiver. Because the 
algorithm only operates on the past serial data, it changes 
the nature of the bit stream without changing the channel 
bit rate. 

The effect of the algorithm is to compand the input 
signal. If a CVSD encoder is played into a basic delta 
modulator, the output of the delta modulator will reflect 
the shape of the input signal but al! of the output will 
be at an equal level. Thus the algorithm at the output is 
needed to restore the level variations. The bit stream 
in the channel is as if it were from a standard delta modu- 
lator with a constant level input. 

The delta modulator encoder with the CVSD algorithm 
provides an efficient method for digitizing a voice input 
in a manner which is especially convenient for digital 
communciations requirements. 





APPLICATIONS INFORMATION 
CVSD DESIGN CONSIDERATIONS 


A simple CVSD encoder using the MC3417 or MC3418 
is shown in Figure 14. These ICs are general purpose 
CVSD building blocks which allow the system designer 
to tailor the encoder’s transmission characteristics to the 
application. Thus, the achievable transmission capabilities 
are constrained by the fundamental! limitations of delta 
modulation and the design of encoder parameters. The 
performance is not dictated by the internal configuration 
of the MC3417 and MC3418. There are seven design 
considerations involved in designing these basic CVSD 
building blocks into a specific codec application. 


Required number of shift register bits 

. Selection of loop gain 

. Selection of minimum step size 

. Design of integration filter transfer function 

_ Design of syllabic filter transfer function 
Design of low pass filter at the receiver 


NOMSWN 


The circuit in Figure 14 is the most basic CVSD circuit 
possible. For many applications in secure radio or other 
intelligible voice channel requirements, it is entirely 
sufficient. In this circuit, items 5 and 6 are reduced to 
their simplest form. The syllabic and integration filters 


These are listed below: 
1. Selection of clock rate 


are both single pole networks. The selection of items 
1 through 4 govern the codec performance. 


coy 


CVSD CIRCUIT SCHEMATIC 


Vee 
160 


N 
oO 
5x 
ss 
ome 
C 
wy, 
a 
o 
rE 
> 
i) 





SLGEOW ‘LLGEOW “SLVEOW “LLVEOWN 


Qo Digital 
Analog 1 
Input o 
Analog 
Feedback 
Digital es ¥ - 11 ———_____ 
Data Input ATS A | 9 Coincidence 
p Output 
Digital 2 rh], 
baie eas 
O 
i so = Control 
(+) 200 LA 
14 3 
Clock © 5 SYilabic 
Filter 


Encode/ 15 = = 
Decode ° 





Analog 
Output 





“d 


100 50 60 8 
Vec/2 Ref Filter VEE 
= Output Input Input 


MC3417, MC3418, MC3517, MC3518 


CVSD DESIGN CONSIDERATIONS (continued) 


Layout Considerations Selection of Loop Gain 

The gain of the circuit in Figure 14 is set by resistor 
Rx. Rx must be selected to provide the proper integrator 
step size for high level signals such that the companding 
ratio does not exceed about 25%. The companding ratio 


Care should be exercised to isolate all digital signal 
paths (pins 9, 11, 13, and 14) from analog signal paths 
(pins 1-7 and 10) in order to achieve proper idle channel 


performance. 
is the active low duty cycle of the coincidence output on 
Clock Rate pin 11 of the codec circuit. Thus the system gain is 
With minor modifications the circuit in Figure 14 dependent on: 
may be operated anywhere from 9.6 kHz to 64 kHz 1. The maximum level and frequency of the input 
clock rates. Obviously the higher the clock rate the higher signal. 
the S/N performance. The circuit in Figure 14 typically 2. The transfer function of the integration filter. 


produces the S/N performance shown in Figure 15. 
The selection of clock rate is usually dictated by the 
bandwidth of the transmission medium. Voice band- useful dynamic range extends about 6 dB above the design 


width sysiems will ical ne iigher than 9600 Hz. level. In any system the companding ratio should not 
Some radio systems will allow 12 kHz. Private 4-wire exceed 30% 


telephone systems are often operated at 16 kHz and 
commercial telephone performance can be achieved 
at 32K bits and above. Other codecs may use bit rates 
up to 200K bits/sec. 


For voice codecs the typical input signal is taken to be 
a sine wave at 1 kHz of 0 dBmo level. In practice, the 


To calculate the required step size current, we must 
describe the transfer characteristics of the integration 
filter. In the basic circuit of Figure 14, a single pole of 
160 Hz 1s used. 


FIGURE 15 — SIGNAL-TO-NOISE PERFORMANCE R= 10 k&, C= 0.1 WF 
OF MC3417 WITH SINGLE INTEGRATION, SINGLE-POLE Vo a 1 - XK 


AND COMPANDING AT 16K BITS — TYPICAL cf C(S+1/RC) Stwo 






ce ee so sO Wo = 2mf 
ia a et 103 = wo = anf 
774 ae) eens Es eel ca ed f = 159.2 Hz 












Note that the integration filter produces a single-pole 


al 
St ene ll 
as as a a ee 





s 
= Clock Rate = 16 kHz ~ response from 300 to 3 kHz. The current required to 
a 7 , 
7 en ae ee Hard een \ move the integrator output a specific voltage from zero 
10 ete ass sil ee ce re a 
is simply: 
V CqV 
I= vo , ¥dVo 
R dt 
Now a 0 dBmo sine wave has a peak value of 1.0954 
eae ee ae a (ae a 
bers -30 ~20 ~10 0 10 volts. In 1/8 of a cycle of a sine wave centered around 
INPUT LEVEL (dB) RELATIVE TO SLOPE OVERLOAD the zero crossing, the sine wave changes by approximately 
its peak value. The CVSD step should trace that change. 
Shift Register Length (Algorithm) The required current for a0 dBm 1 kHz sine wave is: 
The MC3417 has a three-bit algorithm and the MC3418 
g i= 1.1V 0.1 HF(1.1) _ 9 935 Anak 


has a four-bit algorithm. For clock rates of 16 kHz and *2(10 kQ) 0.125 ms 
below, the 3-bit algorithm is well suited. For 32 kHz % : : 

é ‘ : The maximum voltage across RI when maximum 
and higher clock rates, the 4-bit system is preferred. . : : 
‘ : ; : slew is required is: 
Since the algorithm records a fixed past history of the 1.1V 
input signal, a longer shift register is required to obtain 2 
the same internal hsitory. At 16 bits and below, the 
4-bit algorithm will produce a slightly wider dynamic 


range at the expertise of level change response. Basically 


Now the voltage range of the syllabic filter is the 
power supply voltage, thus: 


the MC3417 is designed for low bit rate systems and the Ry = 0.25(Vcc) i 

MC3418 is intended for high performance, high bit rate 0.935 mA 

system. At bit rates above 64K bits either part will A similar procedure can be followed to establish the - 
work well, proper gain for any input level and integration filter type. 
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CVSD DESIGN CONSIDERATIONS (continued) 


Minimum Step Size 

The final parameter to be selected for the simple codec 
in Figure 14 is id!e channel step size. With no input signal, 
the digital output becomes a one-zero alternating pattern 
and the analog output becomes a small triangle wave. 
Mismatches of internal currents and offsets limit the 
minimum step size which will produce a perfect idle 
channel! pattern. The MC3417 is tested to ensure that 
a 20 mVp-p minimum step size at 16 kHz will attain a 
proper idle channel. The idle channel step size must be 
twice the specified total loop offset if a one-zero idle 
pattern is desired. In some applications a much smaller 
minimum step size (e.g., 0.1 mV) can produce quiet 
performance without providing a 1-0 pattern. 

To set the idle channel step size, the value of Rmin 
must be selected. With no input signal, the slope control 
algorithm is inactive. A long series of ones or zeros never 
occurs. Thus, the voltage across the syllabic filter capaci- 
tor (Cs) would decay to zero. However, the voltage 
divider of Rg and Rmin (see Figure 14) sets the minimum 
allowed voltage across the syllabic filter capacitor. That 
voltage must produce the desired ramps at the analog 
output. Again we write the filter input current equation: 


For values of Vg near Vcc/2 the Vo/R term is negli- 
gible; thus 
AVo 
AT 


where AT is the clock period and AVo is the desired 
peak-to-peak value of the idle output. For a 16K-bit 
system using the circuit in Figure 14 


_ 0.1 mF 20 mV _ 
62.5 us 





Ij=Cs 


F 33 uA 
The voltage on Cg which produces a 33 wA current is 
determined by the value of Rx. 


I;Rx = Vgmin; for 33 vA, Vgmin = 41.6 mV 


In Figure 14 Rg is 18 kQ2. That selection is discussed 
with the syllabic filter considerations. The voltage divider 
of Rs and Rmin must produce an output of 41.6 mV. 


Rs 


renniel— leeee, Rmin = 2.4 MQ 
Rs +Rmin on 


Vcc = Vsmin 


Having established these four parameters — clock rate, 
number of shift register bits, loop gain and minimum 
step size — the encoder circuit in Figure 14 will function 
at near optimum performance for input levels around 
OdBm., 


INCREASING CVSD PERFORMANCE 


Integration Filter Design 

The circuit in Figure 14 uses a single-pole integration 
network formed with a 0.1 uF capacitor and a 10 kQQ 
resistor. It is possible to improve the performance of the 
circuit in Figure 14 by 1 or 2 dB by using a two-pole 
integration network. The improved circuit is shown. 

The first pole is still placed below 300 Hz to provide 
the 1/S voice content curve and a second pole is placed 
somewhere above the 1 kHz frequency. For telephony 
circuits, the second pole can be placed above 1.8 kHz 
to exceed the 1633 touchtone frequency. In other com- 
munication systems, values as low as 1 kHz may be 
selected. In general, the lower in frequency the second 
pole is placed, the greater the noise improvement. Then, 
to ensure the encoder loop stability, a zero is added to 
keep the phase shift less than 180°. This zero should 
be placed slightly above the low-pass output filter break 
frequency so as not to reduce the effectiveness of the 
second pole. A network of 235 Hz, 2 kHz and 5.2 kHz 
is typical for telephone applications while 160 Hz, 
1.2 kHz and 2.8 kHz might be used in voice only channels. 
(Voice only channels can use an output low-pass filter 
which breaks at about 2.5 kHz.) The two-pole network 
in Figure 16 has a transfer function of: 





1 
RoR1(S + 
- : i( ats) 


th 1 1 
R2C2(Ro + Ry) (S + ————— (et) 
22(Ro (8 (Ro + ae) R2C2 


FIGURE 16 — IMPROVED FILTER CONFIGURATION 


Vo 


Analog OutputO 





These component values are for the telephone channel circuit 


‘poles described in the text. The R2, C2 product can be provided 


with different values of R and C. R2 should be chosen to be equal 
to the termination resistor on pin 1 
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INCREASING CVSD PERFORMANCE (continued) 


Thus the two poles and the zero can be selected arbitrarily 
as long as the zero is at a higher frequency than the first 
pole. The values in Figure 16 represent one implementa- 
tion of the telephony filter requirement. 

The selection of the two-pole filter network effects 
the selection of the loop gain value and the minimum step 
size resistor, The required integrator current for a given 
change in voltage now becomes: 


R R A 
« Vow { B2@2 C1 Lc, Vo 
Ro Ro Ro AT 


lj + 





R4Cy nea) AVo2 
Ro AT2 
The calculation of desired gain resistor Ry then proceeds 
exactly as previously described. 


fracac: + 


Syllabic Filter Design 

The syllabic filter in Figure 14 1s a simple single-pole 
network of 18 kQ and 0.33 uF. This produces a 6.0 ms 
time constant for the averaging of the coincidence output 
signal. The voltage across the capacitor determines the 
integrator current which in turn establishes the step size. 
The integrator current and the resulting step size deter- 
mine the companding ratio and the S/N performance. 
The companding ratio ts defined as the voltage across 
Cs/Vcc. 

The S/N performance may be improved by modifying 
the voltage to current transformation produced by Rx. 
If different portions of the total Ry are shunted by diodes, 
the integrator current can be other than (Vcc - Vs)/Rx. 
These breakpoint curves must be designed experimentally 
for the particular system application. In general, one 
would wish that the current would double with input 
level. To design the desired curve, supply current to pin 4 
of the codec from an external source. Input a signal 
level and adjust the current until the S/N performance 


is optimum. Then record the syllabic filter voltage and 
the current. Repeat this for all desired signa! levels. 
Then derive the resistor diode network which produces 
that curve on a curve tracer. 

Once the network is designed with the curve tracer, 
it is then inserted in place of Rx in the circuit and the 
forced optimum noise performance will be achieved 
from the active syllabic algorithm. 

Diode breakpoint networks may be very simple or 
moderately complex and can improve the usable dynamic 
range of any codec. In the past they have been used in 
high performance telephone codecs. 

Typical resistor-diode networks are shown in Figure 17. 


FIGURE 17 — RESISTOR-DIODE NETWORKS 





If the performance of more complex diode networks 
is desired, the circuit in Figure 18 should be used. It 
simulates the companding characteristics of nonlinear 
Rx elements in a different manner. . 


Output Low Pass Filter 

A low pass filter is required at the receiving circuit 
output to eliminate quantizing noise. In general, the lower 
the bit rate, the better the filter must be. The filter in 
Figure 20 provides excellent performance for 12 kHz 
to 40 kHz systems. 


TELEPHONE CARRIER QUALITY CODEC USING MC3418 


Two specifications of the integrated circuit are speci- 
fically intended to meet the performance requirements 
of commercial telephone systems. First, slope polarity 
switch current matching is laser trimmed to guarantee 
proper idle channel performance with 5 mV minimum 
step size and a typical 1% current match from 15 wA 
to 3 mA. Thus a 300 to 1 range of step size variation is 
possible. Second, the MC3418 provides the four-bit 
algorithm currently used in subscriber loop telephone 
systems. With these specifications and the circuit of Fig- 
ure 18, a telephone quality codec can be mass produced. 


The circuit in Figure 18 provides a 30 dB S/Nc ratio 
over 50 dB of dynamic range for a 1 kHz test tone at 
a 37.7K bit rate. At 37.7K bits, 40 voice channels may 
be multiplexed on a standard 1.544 megabit T1 facility. 
This codec has also been tested for 10-7 error rates with 
asynchronous and synchronous data up to 2400 baud 
and for reliable performance with DTMF signaling. Thus, 
the design is applicable in telephone quality subscriber 
loop carrier systems, subscriber loop concentrators and 
smat| PABX installations. 
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TELEPHONE CARRIER QUALITY CODEC USING MC3418 (continued) 


The Active Companding Network 

The unique feature of the codec in Figure 18 is the 
step size control circuit which uses a companding ratio 
reference, the present step size, and the present syllabic 
filter output to establish the optimum companding 
ratios and step sizes for any given input level. The com- 
panding ratio of a CVSD codec is defined as the duty 
cycle of the coincidence output. It is the parameter 
measured by the syllabic filter and is the voltage across 
Cs divided by the voltage swing of the coincidence output. 
In Figure 18, the voltage swing of pin 11 is 6 volts. The 
operating companding ratio is analoged by the voltage 
between pins 10 and 4 by means of the virtual short 
across pins 3 and 4 of the V to | op amp within the inte- 
grated circuit. Thus, the instantaneous companding 
ratio of the codec is always available at the negative 
input of Al. 
' The diode D1 and the gain of Al and A2 provide 
a companding ratio reference for any input level. If 
the output of A2 1s more than 0.7 volts below Vcc/2, 
then the positive input of A1 is (Vcc/2 ~ 0.7). The on 
diode drop at the input of Al represents a 12% com- 
panding ratio (12% = 0.7 V/6 V). 

The present step size of the operating codec is directly 


related to the voltage across Ry, which established the 
integrator current. In Figure 18, the voltage across Ry is 
amplified by the differential amplifier A2 whose output 
is single ended with respect to pin 10 of the IC. 

For farge signal inputs, the step size is large and the 
output of A2 is tower than 0.7 volts. Thus D1 is fully on. 
The present step size is not a factor in the step size 
control. However, the difference between 12% comp- 
panding ratio and the instantaneous companding ratio at 
pin 4 is amplified by A1. The output of A1 changes the 
voltage across Rx in a direction which reduces the dif- 
ference between the companding reference and the 
Operating ratio by changing the step size. The ratio of 
R4 and R3 determines how closely the voltage at pin 4 
will be forced to 12%. The selection of R3 and R4 is 
initially experimental. However, the resulting companding 
control is dependent on Rx, R3, R4, and the full diode 
drop D1. These values are easy to reproduce from codec 
to codec. 

For small input levels, the companding ratio reference 
becomes the output of A2 rather than the diode drop. 
The operating companding ratio on pin 4 is then compared 
to a companding ratio smaller than 12% which is deter- 
mined by the voltage drop across Ry and the gain of A2 


FIGURE 18 — TELEPHONE QUALITY DELTAMOD CODER 
(Both double integration and active companding control are used to obtain improved CVSD performance. 
Laser trimming of the integrated circuit provides reliable idle channel and step size range characteristics.) 


Voice/Non-Voice 
SELECT 


Analog 
Input 0.22 uF 


a 


(Digital 
Input) 


Analog 
Output 





Digital 
Output 


0 37.7 Bits (Vec/2) 


Al, A2, 
MC1458 
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TELEPHONE CARRIER QUALITY CODEC USING MC3418 (continued) 


FIGURE 19 — SIGNAL-TO-NO!ISE PERFORMANCE and A1. The gain of A2 is also experimentally determined, 
AND FREQUENCY RESPONSE but once determined, the circuitry is easily repeated. 
Showing ne mipp erie eaized with With no input signal, the companding ratio at pin 4 
the circuit in Figure 18.) - 

goes to Zero and the voltage across Rx goes to zero. The 
voltage at the output of A2 becomes zero since there is 
no drop across Rx. With no signal input, the actively 

controlled step size vanished. 
The minimum step size is established by the 500 k 
resistor between Vcc and Vc¢c/2 and is therefore inde- 


SIGNAL-TO-NOISE PERFORMANCE OF TELEPHONY 
QUALITY DELTAMODULATOR 


© 





a 
: pendently selectable. 
ui 50 dB ———_————_ The signal to noise results of the active companding 
Fe) 4 BIT ALGORITHM network are shown in Figure 19. A smooth 2 dB drop is 
2 37.7K BITS realized from +12 dBm to —24 under the control of A1. 
e Ee At -24 dBm, A2 begins to degenerate the compandin 
7 C MESSAGE WEIGHT ' g 
= reference and the resulting step size is reduced so as to 
ce) extend the dynamic range of the codec by 20 dBm. 
ms The slope overload characteristic is also shown. The 
active companding network produces improved perfor- 
mance with frequency. The 0 dBm slope overload point is 
-48 -36 -24 42 0 12 raised to 4.8 kHz because of the gain available in control- 
INPUT LEVEL IN dBmo ling the voltage across Rx. The curves demonstrate that 
b. FREQUENCY RESPONSE versus INPUT LEVEL the level linearity has been maintained or improved.” 
(SLOPE OVERLOAD CHARACTERISTIC) The codec in Figure 18 is designed specifically for 
37.7K bit systems. However, the benefits of the active 
BeEINBOT companding network are not limited to high bit rate 
E systems. By modifying the crossover region (changing 
= the gain of A2), the active technique may be used to 
< improve the performance of lower bit rate systems. 
a The performance and repeatability of the codec in 
a Figure 18 represents a significant step forward in the art 
F 4 BIT ALGORITHM and cost of CVSD codec designs. 
a 37.7 K BITS eeSiot “a 
re *A larger value for C2 is required in the decoder circuit 


than in the encoder to adjust the level linearity with 
frequency. In Figure 18, 0.050 uF would work well. 





Q 2kHz 4kHz GkHZ2Z 8kHz 10 kHz 


INPUT FREQUENCY IN Hz 


FIGURE 20 — HIGH PERFORMANCE ELLIPTIC FILTER FOR CVSD OUTPUT 


ci 


1000 pF 


87.6 k 175k 


c3. «(4 
157 pF 78 pF 


Designed for 0.28 dB ripple in the pass band 
Wp = 3kHz 
We = =6 kHz 
AdB at We, and above 29.5 dB 
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FIGURE 21 — FULL DUPLEX/32K BIT CVSD VOICE CODEC USING MC3517/18 AND MC3503/6 OP AMP 


Digital Output 
Force Idle 


O 
Channel 
18 9 +5V 


O 
c2 


R2 R3 


C1 
Analog Input o4 


Rt pe 







MC3417 
or 
MC3418 


Rx1 


Clock 


Analog Output 






Digital 
Test 







MC3417 
or 
MC3418 





E Rm2 Rx2 


c8 RB 
c4 Ped 
= Digital Input 
= O 
Codec Components Input Filter Specifications Filter Components 
Rx1, Rx2- 33 kN 12 dB/Octave Rolloff above 3.3 kHz R1—9652 C1-—33 uF 
Rp, Rp2 —3 3 kQ 6 dB/Octave Rolloff below 50 Hz R2— 72 kQ C2 — 837 pF 
Rg1. Rgg — 100k2 R3 — 72 k2 C3 — 536 pF 
Riq, Rig — 20 k2 Output Filter Specifications R4 — 63.46 kQ C4 — 1000 pF 
R42 -—1k2Q Break Frequency — 3.3 kHz RS — 127 kQ CS — 222 pF 
Rui Ru2 -5 MQ (MC3417) Stop Band — 9 kHz R6 — 365.5,kQ2 C6 — 77 pF 
Minimum step size = 20 mV Stop Band Atten — 50dB R7—1645 MQ C7 — 38 pF 
Rui Ru2 — 15 MQ (MC3418) Roltloff — > 40 dB/Octave R8— 72 kQ2 C8 — 837 pF 
Minimum step size = 6 mV R989 — 72 kQ C9 — 536 pF 
: R10— 295 kQ 
= F 
Cg1,Cg2—9054 R11 —72k2 


Ci7, Cy2 — 0 05 LF 


2 MC3417 (or MC3418) 
1 MC3403 (or MC3406) 


Note: All Res 5% 
All Cap 5% 


Note All Res. 01% to 1%, 
All Cap 1.0% 
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COMPARATIVE CODEC PERFORMANCE FIGURE 22 — COMPARATIVE CODEC PERFORMANCE -— 
The salient feature of CVSD codecs using the MC3517 SIGNAL-TO-NOISE RATIO FOR 1 kHz TEST TONE 
and MC3518 family is versatility. The range of codec 
complexity tradeoffs and bit rate is so wide that one 
cannot grasp the interdependency of parameters for 














voice applications in a few pages. = 
Design of a specific codec must be tailored to the 3 
digital channel bandwidth, the analog bandwidth, the 2 
quality of signal transmission required and the cost = 
objectives. To illustrate the choices available, the data in z guar ue 
Figure 22 compares the signal-to-noise ratios and dynamic on 
range of various codec design options at 32K bits. 
Generally, the relative merits of each design feature will 
remain intact in any application. Lowering the bit rate 
will reduce the dynamic range and noise performance -45 -40 -35 -30 -25 -20 -15 -10 -50 0 
of all techniques. As the bit rate is increased, the overall AMPLITUDE (dB) 
performance of each technique will improve and the need These curves demonstrate the improved performance obtained 
for more complex designs diminishes. with several codec designs of varying complexity. 
Non-voice applications of the MC3517 and MC3518 Curve a — Complex companding and double integration 
are also possible. In those cases, the signal bandwidth (Figure 18 — MC3418) 
and amplitude characteristics must be defined before Curve b — Double integration (Figure 21 using Figure 6 — 


eee ahs , MC3418) 
n e . 7 
the :-speci fication of -codec: paramsters: cant /hegin.. Haw Curve c — Single integration (Figure 21 — MC3418) with 


ever, in general, the design can proceed along the lines of mv atop ize 
the voice applications shown here, taking into account the Curve d — Single integration (Figure 21 — MC3417) with 
different signal bandwidth requirements. 25 mV step size 
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MC3419 
(MA) MOTOROLA Me3519 


Product Preview SUBSCRIBER LOOP 
INTERFACE CIRCUIT 
(SLIC) 


TELEPHONE LINE FEED AND 2- TO 4-WIRE 
CONVERSION CIRCUIT 


BIPOLAR LASER-TRIMMED 
INTEGRATED CIRCUIT 


. . . designed to replace the hybrid transformer circuit in Class 5, 
PABX and Subscriber carrier equipment, providing signal separation 
for two-wire differential to four-wire single-ended conversions and 
suppression of longitudinal signals at the two-wire input. It provides 
dc tine current for powering the telset, operating from up to a 60 V 


supply. L SUFFIX 


Transmit and Receive Gain is Externally Selected eee 


On-Hook Power Below 5.0 mW 


Current Sensing Outputs Provided for Off-Hook Status from Both 
Tip and Ring Leads P SUFFIX 


PLASTIC PACKAGE 


Size and Weight Reduction Over Present Approaches ce sat 


Compatible with IEEE and REA Specifications 


The sale of this product is licensed under patent No. 4,004,109. 
All royalties related to this patent are included in the unit price. 





O Ring/Sense Current 


O Power Down Input 


MC3419 


RX 


Analog Ground Ref 
MDA220 


At time of printing device pinouts 
may change. See data sheet. 





This is advance information and specifications are subject to change without notice. 
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MAXIMUM RATINGS 


Vee1, VEE2 


Maximum Power Dissipation Ta = 25°C 
Derate above +25°C 


Operating Ambient Temperature Range MC3419 TA ad to +70 
MC3519 -40 to +85 


-65 to +150 


Characteristic 
Loop Current Range 
=0 — 1900 2) 
Transhybrid Reception Ratio — Figure 2 
(Re =900 QVex.= 0.775 Vams: VoG = 0) 
Transhybrid Transmission Ratio — Figure 2 
(Ry = 900 2, Vex = 90, Vg = 0.775 Vams) 


Transhybrid Rejection Ratio — Figure 2 
(RL =900 2, Vex = 0.775 Vrms: V6 =0) 
Input Resistance (@R and T)—Figure 2 
In-Band Longitudinal Suppression Ratio — Figure 3 
(eLon = 0.775 Vrms, f = 1 kHz, RL = 900 2) 
60 Cycle Longitudinal Suppression Ratio — Figure 3 
(eLon = 30 Vams, f = 60 Hz, Ri = 1900 2) 
Longitudinal Capacity — Figure 3 
(60 Hz) 


Level Linearity 
(f = 300 Hz to 3400 Hz, 
Reception Vax = 0.775 Vrms, 
Transmission Va, = 0.775 Vrms) 


Off-Hook Power Dissipation (IC) 
(Loop = 120 mA) 
On-Hook Power Dissipation 


Ring Status Current 
(Loop = 0 to 120 mA) 


Fault Currents 
(Tip to Voc — Figure 2) 
(Ring to Vcc — Figure 2) : 
(Ring and Tip to Vcc — Figure 2) litklial 
(Tip to Ring Short — Figure 2) Ip +IR 


ower Down Input Levels Vde 
Logic High Vi : 
Logic Low - Vcc-2 9 
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'Lon 


eLon 


R; = 4000 





RMS 
Current Meter 


Generator 





FIGURE 2 — AC TRANSMISSION TESTS OF MC3419 AT BALANCE 
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FIGURE 3 — LONGITUDINAL TEST 


MC3419 
(SLIC) pp 


EN VAG 
Vee1 Vee2 
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FIGURE 4 — DESIGN EQUATIONS 





MC1458 





MC3419 
(SLIC) 






TX1 










/2 
MC1458 





VEE 
Internal to the MC3419 are three precise gain constants 1. The dc feed resistance is R¢ 
a — R1+R2 
K1 = 4 K2 = 2375 K5 =04 K5’ = 06 R¢ T+#KiK2 * R3+R4 


K5 and K5’ are selected by connecting TX1 or TX2 to RX respectively. 2 The termination resistance is Ro 


The remaining TX pin is connected to R6 and R7. Ri + R2 
27S + 
Ro = 74 KiKaK5 * AS*R4 


FIGURE 5 — HYBRID LOOP CURRENT versus LOOP RESISTANCE 
(FOR 24 AND 48 V SUPPLY) 
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FIGURE 6 — RING TRIP USING MC3419 
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FIGURE 7 — MOTOROLA 3-CHIP SUBSCRIBER CHANNEL UNIT 
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FIGURE 8 — SUBSCRIBER LOOP INTERFACE CIRCUIT, MC3419 
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NOTE: The sale of this product 
is licensed under patent 
No. 4,004,109. All royalties 
related to this patent are 
included in the unit price. 
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DESCRIPTION OF MC3419 SUBSCRIBER LOOP INTERFACE CIRCUIT 


Figure 8 depicts a complete subscriber loop interface 
circuit for standard end-office telephone loop 
connections. The circuit consists of an 18 pin dual in-line 
MC3419, MJE271 PNP and MJE270 NPN power 
darlington transistors, an MDA220 bridge rectifier and six 
resistors. This composite circuit provided the following 
line interface functions: 


1. 2-wire balanced to 4-wire single-ended signal 
conversion, 
. Independent Receive Gain selection (R5). 
. Independent Transmit Gain selection (R8). 
. Independent Transhybrid null! selection (R6 + R7)* 
. 600 to 900 22 resistance ac loop termination (R1, R2, 
R3, R4)*. 
. Resistive dc power-feed from 400 to 800 2 (R1, 
R2, R3, R4). 
7. Ring to ground, Tip to ground, Ring and Tip to 
ground fault current limiting (10 mA). 
8. Rejection of longitudinal or common mode inter- 
ference from 50 to 3400 Hz (30 mA RMS). 
9. 1500 volt secondary lightning protection. 
10. Temporary power line fault protection. 
11. Proportional ring current sense indication in RS. 
12. Proportional tip current sense indication in TS. 
13. Suppression of longitudinal component in RS and 
TS normal! connections. 
14. Independent 4-wire common input for noise iso- 
lation. 
15. Independent quiet battery supply input for battery 
noise rejection. 
16. Near zero power dissipation in normal on-hook 
condition. 
17. Level linearity of better than 0.1 dB over the entire 
level and frequency range. 
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*Reflected complex impedances may also be provided 
with an additional capacitor. 


DC CHARACTERISTICS 


The first function the SLIC must perform is to enable 
and disable itself on the basis of the switch-hook 
condition in the attached instrument. With the station 
on-hook, the Ring and Tip terminals are open. No metallic 
current can flow in resistors R1 and R2, thus the input 
and various outputs of circuit A and A’ are zero. The 
control outputs of ‘A and A’ are off, causing the op amps 
B and B’ and the voltage reference to have no bias. The 
reference pull down resistor pulls the reference voltage to 
Veg. No current flows in any part of the circuit if the Tip 
and Ring terminals are open. The power dissipation in this 
state is back bias leakage only. 


When a load resistance (R,_) is connected to Tip and 
Ring, the de current flows in R1, R2, and circuits A and 
A’, The control outputs, op amps B, B’, and the voltage 
reference are now on. The current gain of circuit A and A’ 
to the TX outputs is K2 = 4. The current gain of circuits B 
and B’ is K1 = 23.75. For a current in R1 and R2 of In, 
the current in the collector of circuits B and B’ is 
K1K2Ipy. The total current in the load is (1+K1K2)Iy. 
The dc feed resistance at the Tip and Ring terminals is 


_(R1+R2) 
1+K1K2 


The current which flows in the load will be: 


Ry +R3+R4 


_ Vcc - VEE2 


l = 
Loop RL + Re 


The dc feed current is thus determined by the loop 
resistance. 


The de component of ix is a measure of the mismatch 
between the source and the sink current of the various 
differential stages. Circuit C and C’ source or sink current 
through CN and CP until the dc component of ix = 0. C 
and C’ also keep the mid-point voltage of the load at 
Vec/2. Thus, with a metallic current in the load, the 
SLIC supplies current to the load with impedance Ry. 

Various fault dc conditions must be accounted for in 
practice. The Tip and Ring leads can be shorted to ground 
in the field in any combination. The SLIC limits these 
fault currents by the arrangement of the control outputs 
of circuit A and A’. If the Ring lead is tied to ground, a 
current through R2 will turn on the control output of 
circuit A. This enables op amp B’ and provides a sinking 
path for the voltage reference. If the Tip lead is open or 
connected to ground, the current in R1 is zero. Me i, 
control lead is sinking current but cannot turn on circuit 
C’ because the voltage reference is Ver. Circuit B is also 
off since the control output of circuit A’ is off. The 
current in the Ring lead is now [(Vo¢-Veg)/(R4 + R2)). 
The Ring fault current in the SLIC is less than 10 mA. 


SMALL SIGNAL AC CHARACTERISTICS 


With a load R, applied across Tip and Ring, the flow 
of metallic current in R, enables and biases the SLIC 
circuit. Now consider an ac generator in series with Ry 
causing differential signal across Ring and Tip at a 
frequency between 300 and 3400 Hz. The impedance 
presented to the generator is Ru + Ra where Rg is the ac 
input impedance of the SLIC at the two-wire part. Rg is 
derived by a method similar to Ry. 

The gain of circuits A, A’, B, and B’ is K1 = 4 and K2 = 
23.75 as before. However, the TX2 path to ity is an 
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MC3419, MC3519 


added load for ac signals and the current returned to Ry 


is divided by the current divider of 2.5 kQ and 1.66 kQ. 


As connected, the ratio of these resistors creates another 
constant K5 = 0.4. (TX1 and TX2 connection can be 
reversed to produce K5’ = 0.6). 

The ac termination is thus: 


R1+R2 
= ——_— + 
Re TaKiKaKe * RS +R4 
The ac current in SLIC is then 
Vv 
ees g : 
ig RL+Ro +Ro where Vg is the generator voltage. 


i 
The current in R1 and R2 is given by 1+K1K2K5 
and the output signal current is 
K1(1-K5) 


'TX = qy+KIK2KS) "US 
VTXx K1(1-K5) ( R8 ) 
Vg 1#K1K2K5 \Ry + Ry 


The differential signal in the load is input, as two out 
of phase signals, into circuits A’ and A. The A’ signal is 
inverted and summed in phase with the output of A in 
A”. The transmit gain voltage of the SLIC can be set at 
any arbitrary value by selecting R8. 

Now assume a two-wire load R,_ and a generator v, at 
VRx: The generator sees a low impedance at Rx, 
assuming Vac is connected to a dc potential. The current 
into Ry is simply ip = Vg/R5. 

This current is multiplied by K1 in circuits B and B’. 
The output transistors drive a load Ry + R3 + R4 in 
parallel with (R1+R2)/(1+K1K2K5) so that the voltage 
gain from Vr to Tip and Ring is 


VRL 


R 
= -K2 — 
VRx 


R5 x C; where 


+ 
C; R1+R2 


~ |(R1+R2)+(Ry +R3+R4)(1+K1K2K5) 


The signal current across the load is in phase with Vax 
and out of phase with the termination Ro. The current in 
Ro causes a signal at iTx. 

This current may be cancelled for any load Ry by 
selecting the sum of (R6 + R7). 

Balance is achieved for a load Ry by designing 


R5(i+K1K2K5) 


(RE + RI) = TK (1-K5) 


x Co where 


ee + (RL +R3+R4)(14+K1K2K5) 
C2 = R1+R2 
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The current amplifiers within the SLIC are all 
wide-band amplifiers such that essentially no group delay 
occurs for 4kHz band limited signals and resistive loads. 
Thus, the SLIC functions as a near ideal transimpedance 
converter for ports Vpy,VpR,, and Vy. Complex loads 
Zi may be balanced by replacing (R6 + R7) with a 
complex balance network z. 


LONGITUDINAL SIGNAL SUPPRESSION 


Both low frequency and voice-band longitudinal 
rejection are produced by the same mechanisms within 
this SLIC. 

A Songitudinal interference from 0 to 3400 Hz in the 
loop produces a common mode voltage at Ring and Tip. 
Circuit A and A’ sense these in phase currents in R1 and 
R2 and cause an ac signal i,. Circuit C and C’ are driven 
by the Class B transistor pair to produce currents which 
will reduce the common mode component at nodes CN 
and CP by the open loop ac gain of the circuit C and C’. 
The high compliance of the i, output and a large current 
gain in circuit C and C’ allow the open loop gain to be 
quite large. 

Constants K1, K2 are held in close tolerance within the 
integrated circuit. If R1 + R3 = R2 + R4, then the 
longitudinal balance at Tip and Ring will be good. Thus, 
the remaining component of common mode signal at CP 
and CN will be equal. The phase inversion in A” will cause 
the common mode remainder to sum out of phase at TX2 
and thus will contribute little output at Vr. The overall 
performance of this common mode rejection loop is 
determined by the matching of R? + R3 and R4 + R2, as 
well as the matching of constants within the chip. 60 dB 
appears readily achievable. 

The circuit C and C’ outputs are limited to 30 mA to 
insure longitudinal capacity for both the IEEE and REA 
standards. 


LOOP CONDITION SENSING 


Three analog sensing outputs are provided for detecting 
the condition of the subscriber loop. Each output consists 
of the open collector of a current sourcing device. The RS 
and TS outputs are derived from the sense currents in 
circuits A and A’. Thus, in a normal metallic connection 
the TS and RS currents are related to Ring and Tip 
currents by constants. 


DC Metallic 
aegis 8 Voc-VEE 
RS" 1+K1K2 (Ry + Re) (1+K1K2) 
(peices ti ahs gO EE 2. 
TS © T4K1K2 ~ (RL+R¢)(1+K1K2) 


MC3419, MC3519 


AC Metallic 
ee VRL 
RS ~ (R, +R o)(1+K1K2K5) 
ae VRL 
TS (RU +R5)(1+K1K2K5) 


Note that if the current has a metallic path from Tip to 
Ring, but also an unbalanced load to ground in Ring or 
Tip, that the RS current will be proportional to the Ring 
current and the TS current will! be proportional to the Tip 
current. Second party detection and ground start 
detection can be handled using this feature. Providing a 
metallic path does exist, the longitudinal component in 
RS and TS will be suppressed in RS and TS by circuit C 
and C’. With no metallic connection, circuit B and B’ are 
off such that the longitudinal impedance is R1 + R3 and 
the induced current from a given source will be decreased 
by 1 + K1K2. tn this case, the longitudinal current will 
produce peak outputs at RS and TS which are less than 
the average output of a long-loop metallic current. 

The longitudinal sense output provides a full-wave 
rectified current proportional to the longitudinal loop 
current once metallic connection has been established. 
Simple filtering of this lead can produce a dc measure of 
the longitudinal status of an operating loop. Excessive 
longitudinal current can produce a fault indication. 


NOISE AND POWER SUPPLY REJECTION 


The main 48-volt battery in a large office can supply 
considerable power but is often quite noisy and difficult 
to filter. Without a means of rejecting supply noise, the 
channel to channel crosstalk can\also become excessive. In 
this SLIC, two Veg pins are provided to allow for quiet 
battery and power battery connection. Circuits A and A’ 
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support the sensing resistors and control all other current 
in the SLIC. If the voltage across Voc and Vegz is fil- 
tered, noise at Vcc will not effect the performance of the 
loop. In a short circuit condition, the Veg current will be 
about 130 mA while the Veg current is 3 mA. It is, 
therefore, possible to supply Veg from a far quieter 
supply. 

Furthermore, an analog ground input (Vag) is pro- 
vided to allow for proper noise grounding for the Vpx 
and VtTx terminals. The true input signal is the ac voltage 
between Vag and Vryx. The true output voltage should 
be taken between V ag and Vrx. 


PROTECTION 


Two types of electrical hazards can be expected at the 
Ring and Tip terminals of the SLIC. Transient currents 
caused by electrical storms and power line cross connects 
during installation and maintenance. The diode bridge, 
coupled with R3 and R4, provide this protection. Ring 
and Tip are normally protected by a gas tube or carbon 
blocks against the primary effects of a near lightning 
strike. The SLIC itself must provide secondary protection 
for 1500-volt transients. A transient voltage at Ring or Tip 
will turn on one of the four diodes. The resistors limit the 
maximum current to 50 amps, which is the rated surge 
current of the diodes. A typical turn on time of 200 ns is 
readily achievable with silicon rectifiers. 

Power fine faults from 120-volt lines will be half-wave 
rectified by the upper and lower pair resulting in a current 
of 2 amp RMS in each with 30 ohm source resistors. 

Extended short circuit conditions will cause R3 and R4 
to burn open, eliminating the fault and causing no further 
damage. The externalization of the R3 and Ré4 resistors 
from the SLIC’s feedback loop is a critical step in provid- 
ing sufficient electrical hazard protection. 
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Temperature Range 
Commercial Military 


LM311/211* LM111 


LM339, A/ 

239, A* LM139,A 
LM2901* _ 
Mc1414 MC1514 
MC1710C MC1710 
MC1711C MC1711 
MC3302P* MC3302L 


MC3430-3433 _— 


*Industrial 


VOLTAGE COMPARATORS 


High-Performance Voltage Comparators.... 


Quad Single-Supply Comparators .... 
Quad Comparator .......cceeeenee 
Dual Differential Voltage Comparator .. 


Differential Voltage Comparators ....... 


Dual Differential Voltage Comparators 


Quad Single-Supply Comparator ...... 


Quad High-Speed Voltage Comparators 
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7-7 

7-11 
7-15 
7-19 
7-23 
7-27 
7-31 


(AA) MOTOROLA 


HIGHLY FLEXIBLE VOLTAGE COMPARATORS 


The ability to operate from a single power supply of 5.0 to 30 
volts or +15-volt split supplies, as commonly used with operational 
amplifiers, makes the LM111 /LM211 / LM311 a truly versatile 
comparator. Moreover, the inputs of the device can be isolated from 
system ground while the output can drive loads referenced either to 
ground, the Vcc or the Veg supply. This flexibility makes it 
possible to drive MOTL, MRTL, MTTL, or MOS logic. The output 
can also switch voltages to 50 volts at currents to 50 mA. Thus the 
LM111 / LM211 / LM311 can be used to drive relays, lamps or 


solenoids. 


SUGGESTED COMPARATOR DESIGN CONFIGURATIONS 


SPLIT POWER-SUPPLY with 
OFFSET BALANCE 


GROUND-REFERRED LOAD 


Vec 


INPUTS 
OUTPUT 


Ri 
= GND 
VEE 


Input polarity is reversed when 
GND pin is used as an output. 


LOAD REFERRED to 
POSITIVE SUPPLY 


INPUTS 
OUTPUT 
GND 


SINGLE SUPPLY 


Vec 


OUTPUT 
INPUTS 


LOAD REFERRED to 
NEGATIVE SUPPLY 


Vec 


INPUTS 
OUTPUT 


Ri 


VEE 


Input polarity is reversed when 
GND pin is used as an output. 


STROBE CAPABILITY 


INPUTS 
OUTPUT 


MTTL 
STROBE 
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HIGH PERFORMANCE 
VOLTAGE COMPARATORS 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


J8 SUFFIX 
CERAMIC PACKAGE | 
CASE 693 


-_ 


t 


GND 1 8Vcc 
2 7 OUTPUT 
INEUTS. 3 6 BALANCE/STROBE 
Vee 4 5 BALANCE 


(Top View) 


H SUFFIX 
METAL PACKAGE 
CASE 601 


[| 
80 


12 
6 
O}]BALANCE/STROBE 
2 3 
3 


INPUTS 
o4 BALANCE 





Vee 
(Top View) 


N SUFFIX 
PLASTIC PACKAGE 
CASE 626 
(LM311 Only) 


GND1 8 Veco 

7? OUTPUT 

6 BALANCE/STROBE 
Vee 4 5 BALANCE 


2 
INPUTS 3 


{Top View) 





LM111, LM211, LM311 


MAXIMUM RATINGS (Ty = +25°C unless otherwise noted.) 


Vcc + |VeEl 
Output to legacive Supply Voltage Vo -VEE 


VEE 
Input Differential Voltage Vip 


input Voltege (See Note 1 


Power Dissipation (Pkg Limitation) 


Metal Package 
Derate above Ta = +25°C 
Plastic* and Ceramic Dual !n-Line Packages 
Derate above Ta = +25°C 
Operating Ambient Temperatures Range 
-55 to +125 - 
~25 to +85 = 


Storage Termperature Range 





*LM311N only is available in the plastic dual in-line package. 


ELECTRICAL CHARACTERISTICS (Vcc = +15 V, Veg = -15 V, Ta = +25°C unless otherwise noted.) 


Characteristic lees 
Input Offset Voltage (See Note 2.) Miol 
Rg <50 kQ, Ta = +25°C 
Rg <50 k&, Tlow* STA <Thigh* 


Input Offset Current (See Note 2.) 
Ta = +25°C 
Tlow STA SThigh 


Input Bras Current 
Ta = +25°C 
Tlow STA SThigh 


Voltage Gain 
Response Time (See Note 3.) om 


Saturation Voltage 
Ta = +25°C, Vip <-5.0 mV, lo = 50 mA 
Vip <-10 mV, Io = 50 mA 
Tiow STA SThigh. Vcc 245 V, Veg = 0 
Vip <-6 0 MV, Isink <8 0 mA 
Vip <-10 mV, leink <80mA 

Strobe On" Current — 


Output Leakage Current 
Tp = +25°C, Vip 25.0 mV, Vo = 35 V 
Vip 210 mV, Vo = 35 V 
Tlow <Ta <Thigh- Vio 250mvV, Vo = 35 Vv 


Input Voltage Range 
Tlow STA SThigh ae 
[Negatwe Supply Current ——SSSSSC~idCi—*Y 





*Tlow = -55°C for LM111 Thigh = +125°C for LM111 
= -25°C for LM211 = +85°C for LM211 
= 0 for LM311 = +70°C for LM311 
Note 1. This rating applies for +15-volt supplies. The positive input voltage limit ts 30 volts above the negative supply. The negative input 


voltage limit 1s equal to the negative supply voltage or 30 volts below the positive supply, whichever ts less. 


Note 2. The offset voltages and offset currents given are the maximum values required to drive the output within a volt of either supply 
with a 1.0-mA load. Thus, these parameters define an error band and take into account the ‘‘worst case”’ effects of voltage gain and 
input impedance. 


Note 3. The response time specified is for a 100-mV input step with 5.0-mV overdrive. 
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LM111, LM211, LM311 


FIGURE 1 — CIRCUIT SCHEMATIC 





TYPICAL CHARACTERISTICS 


FIGURE 2 — INPUT BIAS CURRENT and INPUT OFFSET 
CURRENT versus TEMPERATURE FIGURE 3 — COMMON-MODE LIMITS versus TEMPERATURE 
10 
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LM111, LM211, LM311 


APPLICATIONS INFORMATION 


FIGURE 6 — ZERO-CROSSING DETECTOR DRIVING 
MOS LOGIC FIGURE 7 — RELAY DRIVER WITH STROBE CAPABILITY 


BALANCE 
ADJUST 


BALANCE 
INPUTS 


OUTPUT 
TO MOS LOGIC 


*Zener Diode D1 
protects the comparator 
from inductive kickback 
= and voltage transients 
MTTL on the Vec2 supply line. 
STROBE 





LM139 LM139A 
(AA) MOTOROLA LM239 LM239A 


LM339 LM339A 


QUAD SINGLE-SUPPLY COMPARATORS 


QUAD COMPARATORS 
These comparators are designed for use in level detection and low- 


: nee 2 : : SILICON MONOLITHIC 
level sensing applications in Consumer, Automotive and Industrial INTEGRATED CIRCUIT 
electronic applications. 


e Power Supply Options — 
Single Supply = 2.0 to 36 Vdc N SUFFIX 
Split Supplies = + 1.0 -£18 Vde PLASTIC PACKAGE 
Wide Operating Temperature Range — -55 to +125°C 


CASE 646 
LM239/239A, 
Low Supply Current Drain — 2.0 mA (Max) 


LM339/339A only 
Low Input Biasing Current — 25 nA (Typ) 


Low Input Offset Voltage —5.0 mV (Max) LM139, 239, 339 J SUFFIX 
2.0 mV (Max) LM139A, 239A, 339A CERAMIC FACKAGE 
CASE 632 
TTL and CMOS Compatible TO-116 


MAXIMUM RATINGS 


Output 


Power Dissipation @ Ta = 25°C 
Ceramic Package 
Derate above 25°C 
Plastic Package 
Derate above 25°C 


Operating Ambient Temperature Range 
LM139, 139A -55 to +125 
LM239, 239A ~40 to +85 
LM339, 339A 0 to +70 





(Top View) 


Output 
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LM139, LM139A, LM239, LM239A, LM339, LM339A 


ELECTRICAL CHARACTERISTICS (Vcc = +5 0 Vdc, Ta = 25°C unless otherwise noted.) 


Characteristic 


Input Offset Voltage 
(Vref = 1.4 Vde, Vo = 1.4 Vde, Rg = 0) LM139, 239, 339 
LM139A, 239A, 339A 


; 
oy 
He 
il 


Sa 
50° 


Input Offset Current 


+ 
Ny 
ion) 


Input Bias Current 
Input Common Mode Voltage Range (Note 1) 


Supply Current 
(Ry =) 
Response Time (Note 2) 
(VL = 5.0 Vde, RL = 5.1 k2) 
Output Sink Current 
(Vu) = +1.0 Vde, Vi(4) = 0, Vo < +1.5 Vde) 
(V4(_-) = +10 Vdc, Vy(+) = 0, Vo < 500 mVdc) 
Saturation Voltage 
(Vjq(_) = +1.0 Vde, Vy(+) = 0, Isink < 4.0 mAdc) 
(Vi(-) 2 +1.0 Vdc, Vii+) = 0, Isink < 6.0 mAdc) 
Voltage Gain (Vcc = 15 V) 
(RL 215 kQ) LM139, 239, 339 
LM139A, 239A, 339A 


> 
< 


= -_.| < <|< 
ro) mo 5 —|3 
o o 
oo 


NN es tk 
m=) wo 
oo w o|< 


Output Leakage Current 
(Vi(4) = +1.0 Vde, Viq_) = 0, Vo = 5.0 Vdc) 


-40°C to +85°C 


Input Offset Voltage 
(Vref = +1.4 Vde, Vo = 1.4 Vde, Rg = 0) LM139, 239, 339 
LM139A, 239A, 339A 


I+ 
wo 
fo] 


ir 
° 


1+ 
oO 
oO 
I+ 

— 
oa 
oO 


w 
to] 
Oo 


< 
NO 
on ; 


~ 
o|N 
S\0 


Saturation Voltage 

(Vi(-) 2 1.0 Vde, Vi(+) = 9, sink < 4.0 mAdc) 
Output Leakage Current 

(Vi(+) 2 1.0 Vde, Vy(_) = 0, Vo = 30 Vde) 
tnput Differential Voltage 

(All Vj > O Vde) 





a 
(2) 


w 
Qo 


Notes 1. The input common-mode voltage or either input signal voltage should not be allowed to go negative by more than 300 mV. The 
upper end of the common-mode voltage range 1s Vcc -1.5 V, but either or both inputs can go to +30 Vde without damage. 
2. The response time specified is for a 100 mV input step with 5 mV overdrive For targer signals, 300 ns 1s typical. 


FIGURE 2 — INVERTING COMPARATOR WITH HYSTERESIS FIGURE 3 — NON-INVERTING COMPARATOR WITH HYSTERESIS 
+Vcc *+Vec 


RRer 


10k 





Vec R1 
VREF ¥ ——~~—_ 
Rrert R1 R2 ~ R1//RrRer 
R3=R1//RReF// RI Amount of Hysteresis Viy 
R1//RrRer 
Vy = ——e Vv -V 7 R2 
H R1//Rrer + R2 (Vomax -Vomin) VHE FEES (Vomax - VOmin) 


LM139, LM139A, LM239, LM239A, LM339, LM339A 


TYPICAL CHARACTERISTICS 
(Vec = +15 Vdc, Ta = +25°C (each comparator) unless otherwise noted.) 


FIGURE 4 — NORMALIZED INPUT OFFSET VOLTAGE 


140 







120 







INPUT OFFSET VOLTAGE NORMALIZED TO 25°C 


o 
> 
oOo 


-20 0 +20 +40 +60 +80 +100 


Ta, AMBIENT TEMPERATURE (°C) 


FIGURE 6 — NORMALIZED INPUT OFFSET,CURRENT 


220 
Fs ea 
i a ee 
4 Et eS 












Fac el 
Slope can be either polarity. Bn = =a 







INPUT OFFSET CURRENT NORMALIZED TO 25°C 





Ta, AMBIENT TEMPERATURE (°C) 


FIGURE 8 — DRIVING LOGIC 





1/4 LM139, 139A 


Rg = Source Resistance 
R1=Rs 


Vec 
LOGIC | DEVICE | Volts 
eos —[oeneren is [100 


0 
-40 +20 +40 +60 +80 +100 


11B, INPUT BIAS CURRENT (nA) 


ISINK, OUTPUT SINK CURRENT (mA) 


FIGURE 5 — INPUT BIAS CURRENT 


eee oe 
es 





Vcc (Vdc) 


FIGURE 7 — OUTPUT SINK CURRENT versus 
OUTPUT VOLTAGE 










| 
PA Po eA AN 
ie a Dy, a 





VsaT, OUTPUT SATURATION VOLTAGE (mV) 


FIGURE 9 — SQUAREWAVE OSCILLATOR 


*Vec 24v 


a | 
eal, 
T1=T2=0.69 RC 
'% 7.2 
C(uF) 
R2=R3= R4 
Rt = R2//R3//R4 





LM139, LM139A, LM239, LM239A, LM339, LM339A 


APPLICATIONS INFORMATION 


These quad comparators feature high gain, wide band- addition of positive feedback (<10 mV) is. also 
width characteristics. This gives the device oscillation ten- recommended. 
dencies if the outputs are capacitively coupled to the It is good design practive to ground all unused pins. 
inputs via stray capacitance. This oscillation manifests it- Differential input voltages may be larger than supply 
self during output transitions (VOL to VOH). To alleviate voltage without damaging the comparator’s input voltages. 
this situation input resistors <10 kQ should be used. The More negative than -300 mV should not be used. 

FIGURE 10 — ZERO CROSSING DETECTOR FIGURE 11 — ZERO CROSSING DETECTOR 
(Single Supply) (Split Supplies) 


Vinmin ©0.4 V peak for 1% phase distortion (4@). 


VIN | 
"eo /\ 


ViNmin 





© 
10k 
Vo 
VIN 

Vec r 

| 
7 = Vo © 

-VEE 
—P| << 10 
1 
D1 prevents input from going negative by more than 0.6 V. -VEE 


R1+ R2= R3 


R3< a for small error in zero crossing 
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(AA) MOTOROLA 


QUAD SINGLE-SUPPLY COMPARATOR QUAD COMPARATOR 


SILICON MONOLITHIC 
This comparator is designed for use in level detection and low- INTEGRATED CIRCUIT 
level sensing applications in Consumer, Automotive and Industrial 
electronic applications. 


@ Power Supply Options — 
Single Supply = 2.0 to 36 Vdc 
Split Supplies = +1.0 to +18 Vde 


Wide Operating Temperature Range — -40 to +85°C 
Low Supply Current Drain — 20 mA (Max) 
Low Input Biasing Current — 25 nA (Typ) N SUFFIX 
" PLASTIC PACKAGE 
Low Input Offset Voltage — 2.0 mV (Max) : pacecae 
TTL and CMOS Compatible 


PIN CONNECTIONS 


MAXIMUM RATINGS Output Output 


input Differential Voltage Range 

Input Common Mode Voltage Range 

Output Sink Current ‘sink ieigiat Sigur 
1 


de 
dc 
| sink _ | a 
Power Dissipation @ Ta = 25°C 1 4 
Plastic Package 125 Watts +Input -Input 
Derate above 25°C pee at 0 mw /°C 1 4 
fia TA] 


Operating Ambient Ternperature Range -40 to +85 - Input +Input 


cc 
Ta 
Storage Temperature Range -65 to +150 = 2 


+ input -Input 
3 


Top View 


FIGURE 1 — CIRCUIT SCHEMATIC 


INPUTS 





OUTPUTS 
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LM2901N 


ELECTRICAL CHARACTERISTICS (Vcc = +5 0 Vdc, Ta, = 25°C unless otherwise noted.) 


Input Offset Voltage 
(Vref = 1.4 Vde, Vo = 1.4 Vde, Rg = 0) 


Output Sink Current , 

(Vy(-) = +1.0 Vde, Vi(+) = 0, Vo < +1.5 Vdc) 
Saturation Voltage 

(Vi(-) = +1.0 Vde, Vic+) = 
Output Leakage Current 

(Vi (+4) = +1.0 Vde, Vq(_) = 0, Vo = 5.0 Vde) 





Notes 1. The input common-mode voltage or either input signal voltage should not be allowed to go negative by more than 300 mV. The 
upper end of the common-mode voltage range 1s Vcc -1.5 V, but either or both inputs can go to +30 Vde without damage. 
2. The response time specified is for a 100 mV input step with 5 mV overdrive. For large signals, 300 ns is typical. 


FIGURE 2 — INVERTING COMPARATOR WITH FIGURE 3 — NON-INVERTING COMPARATOR WITH 
HYSTERESIS HYSTERESIS 
+Vec *Vec 





RREF 
10 k 
Vo 
VIN 
Vcc R11 
VREF* o- Al ef oR 
REF 1 
1M 
v s Vec Rl 
REF Rrer st AI R2 ~ R1//Rrer 


R3 = R1//RReF// R1 


SiR a. Vv -V 
7 R1//RRee + R2 (Vomax -VOmin) 


Amount of Hysteresis Vu 


R2 
VH R2+ RS (VoOmax - VOmin) 


°° 
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LM2901N 


TYPICAL CHARACTERISTICS 
(Vcc = +15 Vde, Ta = +25°C unless otherwise noted.) 

















FIGURE 4 — NORMALIZED INPUT OFFSET VOLTAGE FIGURE 5 — INPUT BIAS CURRENT 
=) 140 60 
tS dO ssuesynaee 
29 ee 
il ce al 
Bo ea ca 
510 Sr ol gael 
w rs 
080 3 24 ee fi i 
Se EH 8 CCC 
ol a : ee al 
2 se a 
~40 +20 +40 +60 +80 +100 0 40 80 12 16 20 24 28 
Ta, AMBIENT TEMPERATURE (°C) Vcc (Vdc) 


FIGURE 7 — OUTPUT SINK CURRENT versus 
FIGURE 6 — NORMALIZED OFFSET CURRENT OUTPUT VOLTAGE 
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ISinK, OUTPUT SINK CURRENT (mA) 








INPUT OFFSET CURRENT NORMALIZED TO 25°C 





-40 +20 +40 +60 +80 +100 


Ta, AMBIENT TEMPERATURE (°C) VsaT, OUTPUT SATURATION VOLTAGE (mV) 
FIGURE 8 — DRIVING LOGIC FIGURE 9 — SQUAREWAVE OSCILLATOR 
Vec *Vec 2av 





1/4 LM2901N +*VccO 


Rg = Source Resistance 
R1™Rs 


‘TLIO L 
Se 


T1=T2=069 RC 


C(uF) 
CMOS |1/4MC14001 Pas [0 re : 


R1 = R2//R3//Ra 
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LM2901N 


APPLICATIONS INFORMATION 


The LM2901N is a quad comparator having high gain, 
wide bandwidth characteristics. This gives the device oscil- 
lator tendencies if the outputs capacitively couple to the 
inputs via stray capacitance. This oscillation manifests 
itself during output transitions (Vo, to VQH). To 
alleviate this situation input resistors <10 kQ = should 


FIGURE 10 — ZERO CROSSING DETECTOR 
(Single Supply) 





D1 prevents input from going negative by more than 06 V 


R1+ R2= R3 


R38 ae for small error in zero crossing 


not be used. The addition of positive feedback (<10 mV) 
is also recommended 


It is good design practice to ground all unused pins. 

Differential input voltages may be larger than supply 
voltage without damaging the comparator’s input voltages. 
More negative than -300 mV should not be used. 


FIGURE 11 — ZERO CROSSING DETECTOR 
(Split Supplies) 


Vinmin “04 V peak for 1% phase distortion (0) 


ViNmin 
VIN 
*Vec 
[a ~ 
(¢) 
10k 
Vo 
Vv 
uN Vcc c 
| 
| 
Vv o) 
=. oO 
-V | 
a —~| |= © 
' 
-VEE 


T+4A 


(MA) MOTOROLA 


DUAL DIFFERENTIAL VOLTAGE COMPARATOR 


... designed for use in level detection, low-level sensing, and 
memory applications. 


Two Separate Outputs 
Strobe Capability 


High Output Sink Current 
2.8 mA Minimum (Each Comparator) for MC1514 


1.6 mA minimum (Each Comparator) for MC1414 


Differential Input Characteristics 
Input Offset Voltage = 1.0 mV for MC1514 
= 1.5 mV for MC1414 
Offset Voltage Drift = 3.0 u4V/°C for MC1514 
= 5.0 uV/°C for MC1414 


Short Propagation Delay Time — 40 ns typical 


Output Compatible with All Saturating Logic Forms 
Vo = +3.2 V to -0.5 V typical 





MAXIMUM RATINGS (Ta = 25°C unless otherwise noted.) 


[CSRating ———SSSS*Y Smo [Value [Unit 


Power Supply Voltages Vcc +14 Vdc 
VEE -7.0 


Differential Mode Input Voltage Range VIDR 
Common Mode Input Voltage Range VicR 
Peak Load Curren eae es 


Power Dissipation (Package Limitation) 






















Ceramic Dual In-Line Package 1000 
Derate above Ta = 25°C 6.0 
Plastic Dual In-Line Package 625 
Derate above Ta = 25°C 5.0 





Operating Temperature Range MC1514 Ta -55 to +125 % 
MC1414 Oto +75 
Storage Temperature Range -65 to +150 





DUAL 
DIFFERENTIAL 
COMPARATOR 


(DUAL MC1710) 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


il 


L SUFFIX 


CERAMIC PACKAGE 


CASE 632 
TO-116 


_ 


P SUFFIX 





PLASTIC PACKAGE 


CASE 646 


(MC1414 only) 


CIRCUIT SCHEMATIC 
Strobe Strobe 
9 % 9 


Non-inverting 
Input 


inverting 
input 


Non-inverting 
input 





Ry = Low Resistance Value, usually < 10002, not specified. 


7.145 


laverting 
input 


Non- inverting 














MC1414,MC1514 
















Input Offset Voltage 


ELECTRICAL CHARACTERISTICS (Vcc = +12 Vdc, Veg = -6 Vdc, Ta = 25°C unless otherwise noted.) (Each Comparator) 
(Vo = 1.4 Vde, Ta = 25°C) 
(Vo = 1.8 Vde, Ta = Tiow”) 


(Vg = 1.0 Vdc, Ta = Thigh") i 


Temperature Coefficient of Input Offset Voltage AViIO/AT | - | 


Input Offset Current ie 
| Ro | 
| VipR | 


mVdc 









uV/°C 
uAdc 
(Vo = 1.4 Vde, Ta = 25°C) 






(Vo = 1.8 Vde, Ta = Tiow) 
(Vo = 1.0 Vde, Ta = Thigh) 








uAdc 








Input Bias Current 
(Vo = 1.4 Vde, Ta = 25°C) 
(Vo = 1.8 Vde, Ta = Tiow) 
(Vo = 1.0 Vde, Ta = Thigh) 


WN w 
ooo 
o> 
38 





Open Loop Voltage Gain Viv 
(Ta = 25°C) 1250 1700 
(Ta = Tow tO Thigh) 1000 - 
Output Resistance [| — | 200 | J ohms | 
Vion | so | -_| 50 Vee 
High Level Output Voltage Vde 
(Vip >5.0 mV, 0<I9 <5.0 mA) 
Vdc 


Low Level Output Voltage 
(Vip 2-5.0 mV, Igg = 2.8 mA) 
(Vip 2-5.0 mV, Ios = 1.6 mA) 
Output Sink Current 
(Vip 2-5.0 mV, VoL < 0.4 V, Ta = Tow to Thigh) 
Input Common Mode Voltage Range VICR +5.0 
(VEE = -7.0 Vdc) 
Common-Mode Rejection Ratio CMRR 
(Veg =-7.0 Vde, Rg < 200 2) 


ND 
a 


+4 
: < 
rs) 

bON vNo 

oon ano 


mAdc 


+5.0 Vde 


Strobe Low Level Current 
(Vit = 9) 


> 


Strobe High Level Current A 
(Vip = 5.0 Vde) 

Strobe Disable Voltage Vdc 

Strobe Enable Voltage 3.5 Vdc 


Strobe Response Time (Figure 2) 


Total Power Supply Current, Both Comparators 
(Vo <0) lee 


Total Power Consumption, Both Comparators | Pp] 


*Tiow = -55°C for MC11514, 0°C for MC1414 
Thigh= +125°C for MC1514, +75°C for MC1414 


Vio 

VOH 

VOL 

Ye 

ViL 

ViH 

Propagation Delay Time (Figure 1) tPLH 
TPHL 


~“ 


mAdc 


Q 
ro 


Ww 


3 





FIGURE 1 — PROPAGATION DELAY TIME . FIGURE 2— STROBE RESPONSE TIME 


< 
oc 


HI! 


Vp = 95MV—-Vig <10ns 
35 mv 
10% 


Input 


Vou Output 
Output 
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MC1414,MC1514 


TYPICAL CHARACTERISTICS 
(Each Comparator) 


FIGURE 3 — VOLTAGE TRANSFER 
CHARACTERISTICS 














Vo, OUTPUT VOLTAGE (VOLTS) 





Vin. INPUT VOLTAGE (mV) 


FIGURE 5 — INPUT OFFSET CURRENT 
versus TEMPERATURE 
50 
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Ig, INPUT OFFSET CURRENT (A) 


Fa 
(aan 





-55 -25 0 25 50 75 100 125 
Tp, AMBIENT TEMPERATURE (°C) 


FIGURE 7 — GAIN VARIATION 
WITH POWER SUPPLY VOLTAGE 





1000 


Ayol, VOLTAGE GAIN (V/V) 
8 





Vcc, POSITIVE SUPPLY VOLTAGE (Vdc) 
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FIGURE 4 — INPUT OFFSET VOLTAGE 
versus TEMPERATURE 


Vio. INPUT OF FSET VOLTAGE (mV) 





Ta, AMBIENT TEMPERATURE (°C) 


FIGURE 6 — INPUT BIAS CURRENT 
versus TEMPERATURE 


tp, INPUT BIAS CURRENT (uA) 





Tp, AMBIENT TEMPERATURE (°C) 


FIGURE 8 — VOLTAGE GAIN 
versus TEMPERATURE 


Ayol, VOLTAGE GAIN (V/V) 








Ta, AMBIENT TEMPERATURE (°C) 


MC1414,MC1514 


FIGURE 9 — RESPONSE TIME 













40 
Oo 
= \ 
=< 20 \ 
: | aon mina 
= 20 mV Overdrive \\ 50 mV Overdrive 
> 
ae Wo ) 
- 10 mV Overdrive L\\ 2.0 mV Overdrive | 
o 
o 0 
> 


' 
ry 
r=} 


Vin. INPUT VOLTAGE (mV) 


20 


40 60 


t, TIME (ns) 


80 100 120 


FIGURE 11 — RECOMMENDED SERIES RESISTANCE 
versus MRTL LOADS 
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FIGURE 10 — POWER DISSIPATION 
versus TEMPERATURE 
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a 
i) 





N 
=} 
—} 


Pp, POWER DISSIPATION (mW) 


150 


—25 0 25 50 15 100 


Ta, AMBIENT TEMPERATURE (°C) 


125 


FIGURE 12 — SINK CURRENT versus TEMPERATURE 


Ips, SINK CURRENT (mA) 





Ta, TEMPERATURE (°C) 


FIGURE 13 — CROSSTALKt 


out 1 


fout 2 





TIME, 50 ns/div 
tWorst case condition shown — no load. 


Sout } 






Qin = +50 mV 
To Scope 


Induced output signal in 
amplifier #2 due to output 
signal at amplifier #1. 
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(AA) MOTOROLA 


DIFFERENTIAL VOLTAGE COMPARATORS 


... designed for use in level detection, low-level sensing, and 
memory applications. 


@ Differential Input Characteristics — 
Input Offset Voltage = 1.0 mV — MC1710 
= 1.5 mV — MC1710C 


Offset Voltage Drift = 3.0 4V/°C — MC1710 
= 5.0 nV/9C — MC1710C 


@ Fast Response Time — 40ns 


@ Output Compatible with all Saturating Logic Forms — 
Vo = +3.2 V to -0.5 V (Typ) 


® Low Output Impedance — 200 Ohms 





MAXIMUM RATINGS (Ta = +25°C unless otherwise noted.) 


Symbol | Vawe [Une] 


Power Supply Voltage Vcec(max) +14 Vde 
VEE(max) -7.0 Vde 
Differential Input Signal Voltage | Vin | 450 | Vols | 


VID 
Common Mode Input Swing Voltage VicR 
Ta 


Power Dissipation 
(Package Limitations) 
Metal Package 
Derate above Ta = +25°C . 
Ceramic Dual In-Line Package ' 
Derate above Ta = +25°C 5.0 


Operating Temperature Range MC1710 -55 to +125 % 
MC1710C Oto +75 
Cc 


Storage Temperature Range -65 to +150 


EQUIVALENT CIRCUIT 


NON INVERTING QUTPUT 
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MC1710 
MC1710€ 


DIFFERENTIAL 
COMPARATORS 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


G SUFFIX 
METAL PACKAGE 
CASE 601 


L SUFFIX 
CERAMIC PACKAGE 
CASE 632-02 
TO-116 


“Connected to pin 6 via the substrate on 
some plastic units 


P SUFFIX 
PLASTIC PACKAGE 
CASE 646 
(MC1710C Only) 





MC1710, MC1710C 


ELECTRICAL CHARACTERISTICS (Vcc = +12 Vdc, Veg = -6.0 Vde, Ta = +25°C unless otherwise noted ) 


[Character «dmb Min yp [Mex [une 


Input Offset Voltage 
(Vo = 1.4 Vde, Ta = +25°C) MC1710 
MC1710C 
(Vo = 1.8 Vde, Ta = -55°C) MC1710 
(Vo = 1.0 Vde, Ta = +125°C MC1710 
(Vo = 1.5 Vde, Ta = 0°C) MC1710C 
(VQ = 1.2 Vde, Ta = +75°C) MC1710C 


Input Offset Current 
(Vo = 1.4 Vde, Ta = +25°C) MC1710 
MC1710C 
(Vo = 18 Vdc, Ta = -55°C) MC1710 
(Vo = 10 Vde, Ta = +125°C) MC1710 
(Vo = 1.5 Vde, Ta = 0°C) MC1710C 
(Vo = 1.2 Vde, Ta = +75°C) MC1710C 


Input Bias Current 
(Vg = 14 Vde, Ta = +25°C)} MC1710 
MC1710C 
(Vo = 18 Vdc, Ta = -55°C) MC1710 
(Vo = 10 Vde, Ta = +125°C) MC1710 
(Vo = 15 Vde, Ta = 0°C) MC1710C 
(Vo = 1.2 Vde, Ta = +75°C) MC1710C 


Voltage Gain 
(Ta = +25°C) MC1710 
MC1710C 
(Ta = Tow to Thigh) !") Mc1710 
MC1710C 


A 


Positive Output Voltage 
(Vip 2=50mvV,0<1g <50 mA) 


Negative Output Voltage 
(Vip 2-5.0 mV) 
Output Sink Current 
(Vip 2-50 mV, Vo <0) MC1710 
MC1710C 


(Vip 2-50 mV, Vo 20, Ta = Tow) MC1710 
MC1710C 


Input Common-Mode Voltage Range 
(Veg = -7.0 Vde) 


Common-Mode Rejection Ratio 
(VEE = -7.0 Vde, Rg < 200 Ohms) MC1710 
MC1710C 


Propagation Delay Time for Positive and Negative Going Input Pulse 
(Vip=50 mV + Vio) 


Power Supply Current 
(Vo <0) 


Power Consumption 


(1) Tigyw = -55°C for MC1710, O°C for MC1710C 
Thigh = +125°C for MC1710, +75°C for MC1710C 
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MC1710, MC1710C 


TYPICAL CHARACTERISTICS: 


FIGURE 2 — INPUT OFFSET VOLTAGE 
versus TEMPERATURE 


FIGURE 1 — VOLTAGE TRANSFER 
CHARACTERISTICS 








Vo, OUTPUT VOLTAGE (VOLTS) 








-80 -60 -40 -20 0 +20. +460 +60 +80 
Vin. INPUTIVOLTAGE (mV) 


FIGURE 3 — INPUT OFFSET CURRENT 
versus TEMPERATURE 


Io, INPUT OFFSET CURRENT (nA) 














Tp, AMBIENT TEMPERATURE (°C) 


FIGURE 5S — GAIN VARIATION 
WITH POWER SUPPLY VOLTAGE 














Avol. VOLTAGE GAIN (V/V) 











Voc, POSITIVE SUPPLY VOLTAGE (Vdc) 
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Vio, INPUT OFFSET VOLTAGE (mV) 














0 
-55 -2 0 +25 +50 +75 +100) = +125 
Ta, AMBIENT TEMPERATURE (°C) 


FIGURE 4 — INPUT BIAS CURRENT 
versus TEMPERATURE 








Toll y 2 talk ee el 
——— MC1710, MC1710C 
——— MC1710 Only 














IB, INPUT BIAS CURRENT (uA) 
a 











-55 -25 0 +25 +50 +75 +100 +125 
Ty, AMBIENT TEMPERATURE (°C) 


FIGURE 6 — VOLTAGE GAIN 
versus TEMPERATURE 


MC1710, MC1710C 
MC1710 Only 




















Avol, VOLTAGE GAIN (V/V) 





55 ~25 0 +25 +50 +75 +100 +425 


Ta, AMBIENT TEMPERATURE (°C) 








MC1710, MC1710C 


TYPICAL CHARACTERISTICS (Continued) 


FIGURE 7 — RESPONSE TIME 


5 mV OVERDRIVE 
A aa 


2 mV OVERDRIVE 





ot 

£ 

414100 

= 

3 +50 

5 0 

=z 

= -50 

 -20 0 20 49 60 80 100 

t, TIME (ns) 


FIGURE 9 — RECOMMENDED SERIES RESISTANCE 
versus MRTL LOADS 





LOADS 


MED POWER i 


MRTL 
10 


01 02 05 ES 50 
Rg, SERIES RESISTANCE (k ae 








an 


FIGURE 8 — POWER DISSIPATION versus TEMPERATURE 


—— M1710, MC1710C 
———=MC1710 Only 





= 
£ 
= 
= 
= 
= 
3 
a 
oc 
w 
= 
2 
e 
-55 ~25 0 +25 +50 +75 +100 +125 
Ta, AMBIENT TEMPERATURE (°C) 
FIGURE 10 — FAN-OUT CAPABILITY 
WITH MDTL OR MTTL OUTPUT SWING 
+50 






VZZZZ4 ACTUAL OUTPUT 
SWING 







SSEAMGGG 


Vo, OUTPUT VOLTAGE SWING (VOLTS) 


SSG 


| 


MTTL, MOTL 


10R2 
FAN OUT CAPABILITY 





(AA) MOTOROLA 


DUAL DIFFERENTIAL VOLTAGE COMPARATOR 


... designed for use in level detection, low-level sensing, and memory 
applications. 
Typical Characteristics: 
@ Differential Input 
Input Offset Voltage = 1.0 mV 
Offset Voltage Drift = 5.0 pV/°C 
@ Fast Response Time — 40 ns 
@ Output Compatible with All Saturating Logic Forms 
Vout = +4.5 V to -0.5 V typical 
@ Low Output Impedance — 200 ohms 


MAXIMUM RATINGS (Ta = +25°C unless otherwise noted.) 


Power Supply Voltage Vec +14: Vde 
VEE -7.0 


Differential Input Signal Voltage VIpR 
Common-Mode Input Swing Voltage VICR 
Peak Load Current a 


Power Dissipation (package limitation) 
680 mw 
4.6 mw/°c 
625 mW 
5.0 mw/°Cc 


IL 
Metal Package 
Ta ~55 to +125 °C 
Oto +75 






















Ceramic and Plastic Dual In-Line Packages 
Derate above Ta = +25°C 


Operating Temperature Range 






MC1711 
MC1711C 


Derate above Ta = +25°C 
Storage Temperature Range Tstg -65 to +150 


CIRCUIT SCHEMATIC 


STROBE 10 © STROBE 2 


INVERTING 


NONINVERTING 
INPUT 1 


7.92 








DUAL DIFFERENTIAL 
COMPARATOR 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


G SUFFIX 
METAL PACKAGE 
CASE 603 


(Top View) 


L SUFFIX 
CERAMIC PACKAGE 
CASE 632 
TO-116 


P SUFFIX 
PLASTIC PACKAGE 
CASE 646 
(MC1711C only) 


(Top View) 


*Connected to pin 4 via the substrate on 
some plastic units. 











MC1711, MC1711C 


_ ELECTRICAL CHARACTERISTICS (each comparator) (Voc = +12 Vdc, Veg = -6.0 Vde, Ta = +25°C unless otherwise noted.) 
MC1711C 


ye | Max | 






4 










Input Offset Voltage mVdc 
















(Vicr = 0 Vdc, Ta = +25°C) 3.5 
(VicR # 0 Vde, Ta = +25°C) 5.0 
(VicrR = 0 Vdc, Ta = Tiow to Thigh”) 4.5 


(Vicr #0 Vdc, Ta = Tlow to Thigh) 60 









Input Offset Current 
(Vo = 1.4 Vde, Ta = +25°C) 
(Vo = 1.8 Vdc, Ta = -55°C) 
(Vo = 1.5 Vdc, Ta = 0°C) 
(Vo = 1.0 Vde, Ta = +125°C) 
(Vo = 1.2 Vde, Ta = +75°C) 


Input Bias Current 
(Vo = 1.4 Vde, Ta = +25°C) 
(Vo = 1.8 Vdc, Ta = -55°C) 
(Vo = 1.5 Vde, Ta = 0°C) 
(Vo = 1.0 Vde, Ta = +125°C) 
(Vg = 1.2 Vde, Ta = +75°C) 


Voltage Gain 
(Ta = +25°C) 
(Ta = Tow tO Thigh! 


Differential Voltage Range 


High Level Output Voltage 
(Vip 210 mVdc, O<!1g <5.0 mA) 





100 


Ei 
B 
BE 
| 200 _| 
aa 


150 


150 






500 








+5.0 
3.2 


Low Level Output Voltage VOL 
(Vip 2-10 mVdc) 


Strobed Output Level VOLi{st) 
(Vstrobe <0.3 Vde) 


Vdc 


< 
Qa 
a 


Output Sink Current 
(Vin 2-10 mV, Vo 20) 


Strobe Current eel 


(Vstrobe = 100 mVdc) 


Input Common-Mode Range VICR +5.0 
(Veg = ~7.0 Vdc) 
Response Time 


(Vp =5O0mV+t Vig) 


Strobe Release Time 


+5.0 


nN ~~ 


Power Supply Current 
(Vo <0 Vdc) 


Power Consumption 130 


na 
mo 
wo 
om 





*Tlow = ~55°C for MC1711, O°C for MC1711C 
Thigh= +125°C for MC1711, +75°C for MC1711C 
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MC1711, MC1711C 


Avot, OPEN LOOP VOLTAGE GAIN (V/V) 


Pp, dc POWER DISSIPATION (mW) 


Vo, QUTPUT VOLTAGE (VOLTS) 


1500 


TYPICAL CHARACTERISTICS 


FIGURE 1 —’VOLTAGE 
TRANSFER CHARACTERISTICS 












































-40 -20 O #20 +40 
Vin. INPUT VOLTAGE, (mV) 


+60 +80 +10 


FIGURE 3 — VOLTAGE GAIN 
versus TEMPERATURE 


— 


Ins 











1400 


1300 


1200 














MC1711 
Only 





-40 -20 0 +20 +40 +60 +80 +120 +140 


Ta, AMBIENT TEMPERATURE, (°C) 


+100 


FIGURE 5 — VOLTAGE GAIN VARIATION 
WITH POWER SUPPLY VOLTAGE 





+60 


+80 
Ta, AMBIENT TEMPERATURE, (°C) 


+100 +120 +140 


(mV) 


Vo, OUTPUT VOLTAGE Vin, INPUT VOLTAGE 
(VOLTS) 


Vo, QUTPUT VOLTAGE STROBE VOLTAGE (VOLTS) 
(VOLTS) 
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lp. INPUT BIAS CURRENT (uA) 





FIGURE 2 — INPUT BIAS CURRENT 
versus TEMPERATURE 





> 
i] 











nN 
(=) 





MCI711 
Only 





+80 +100 +120 +140 


Ta, AMBIENT TEMPERATURE, (°C) 


FIGURE 4 — RESPONSE TIME 
FOR VARIOUS INPUT OVERDRIVES 


Ue et, Lars 
Vec=t+12V 
VeEE=-60V 


Ta = +25°C 
















































+100 


+120 
t, TIME (ns) 


FIGURE 6 — STROBE RELEASE TIME 
FOR VARIOUS INPUT OVERDRIVES 


Vec=t12V 
Vee =-60V 














t, TIME (ns) 





MC1711, MC1711C 


FIGURE 8 — OUTPUT PULSE STRETCHING 
FIGURE 7 — COMMON-MODE PULSE RESPONSE WITH CAPACITIVE LOADING 


ee 
Vec=+i2V 





Vee = +12V 
Vegs-60V 
Ta = +25°C 


on ae ee VeE=-60V 
Ta = +259C 


Vicr, COMMON MODE INPUT VOLTAGE 
{VOLTS) 


Vp, OUTPUT VOLTAGE (VOLTS) 








Vo, OUTPUT 
VOLTAGE (VOLTS) 


0 
~20 QO +20 +40 +60 +80 +100 +120 +140 +160 +180 


LL TIME (ns) 1 TIME (ns} 
FIGURE 9 — RECOMMENDED SERIES RESISTANCE FIGURE 10 — FAN-OUT CAPABILITY 
versus MRTL LOADS WITH MDTL OR MTTL OUTPUT SWING 


VZZZ ACTUAL OUTPUT 
SWING 


MCI711C 


Bimal 


MINIMUM HIGH STATE 
MTTL 


+20 
MOTL, MTTL — 
(NPUT VOLTAGE 
+10 


LOAGS 
Vo, OUTPUT VOLTAGE SWING (VOLTS) 





=) 








01 02 05 19 20 50 10 “10 
Rg, SERIES RESISTANCE (k OHMS) 


lor2 
FAN QUT CAPABILITY 
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(AA) MOTOROLA 


QUAD SINGLE-SUPPLY COMPARATOR 


QUAD COMPARATOR 


These comparators are designed specifically for single positive- 
power-supply Consumer Automotive and Industrial electronic ap- 
plications. Each MC3302 contains four independent comparators — 
suiting it ideally for usages requiring high density and low-cost. 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


Wide Operating Temperature Range — -40 to +85°C 


P SUFFIX 
PLASTIC PACKAGE 
CASE 646 


Singte-Supply Operation — +2.0 to +28 Vdc 

Differential Input Voltage = +Vcc 

Compare Voltages at Ground Potential 

MTTL Compatible 

Low Current Drain — 700 WA typical @ Vcc +5.0 to +28 Vdc 
Outputs can be Connected to Give the Implied AND Function 





L SUFFIX 
CERAMIC PACKAGE 

CASE 632 

TO-116 


MAXIMUM RATINGS (Tz, = +25°C unless otherwise noted ) 


[Cain ——S«dYSSymbol Value Unit 
fOurput Sink Current (See Nowe) = fo «| CdS 
Vde 


Common-Mode tnput Voltage Range (See Note 2) -0.3 to+Vec 


Power Dissipation @ Tp = 25°C aE 























FIGURE 1 — EQUIVALENT CIRCUIT 






Derate above 25°C 
Ceramic Package — L Suffix 
Derate above 25°C 
Operating Ambient Temperature Range 
Plastic Package 
Ceramic Package 
Storage Temperature Range 







cc 
Plastic Package — P Suffix 
Ta 





-40 to +85 
-55 to +125 





Note 1. Requires an external resistor, Ri, to limit current below maximum rating. 

Note 2. If either (+) or (-) inputs of any comparator go more than several tenths of a volt 
below ground, a parasitic transistor turns ‘‘on’’ causing high input current and 
possible faulty outputs. 





Vcc - PIN 3 GROUND — PIN 12 

















INPUTS 





OUTPUTS 
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MC3302 


‘ ELECTRICAL CHARACTERISTICS (Vcc = +15 Vdc, Ta = +25°C (each comparator) unless otherwise noted.) 


Characteristic Definitions 
(1/4 Circuit Shown) 


No = (41-82) 


+2 
Bs 


Vio = [Veet -Vinl 


(PLY 


+300 on as 
-300 mV tin 


Input Offset Voltage (Vre¢ = 1.2 Vde) 
(Ta = +25°C) 
(Ta = -40 to +85°C) 


Input Offset Current 


Input Bias Current 
(Ta = +25°C) 
(Ta = ~40 to +85°C) 


Voltage Gain 
(Ta = +25°C, RL = 15 kQ) 


Transconductance 


Output Leakage Current {OL 
(Output Voltage High) 


Output Voltage - Low Logic State VoL 
(1, = 2.0 mA, Voc = +5 0 to +28 Vde x 


Output Sink Current 
(Voc = +5.0 Vde) 
(Ta = +25°C, Vot = 400 mv) 
(Ty = -40 to +85°C, Vo, = 
800 mV) 


Input Common-Mode Voitage Range 
(Vcc = +28 Vdc) 


Common-Mode Rejection Ratio 


Propagation Delay Time 
For Positive and Negative-Going 
Input Pulse 
(Ru = 15 kQ) 


Transition Time tTHL 
(Ry = 15 k2) tTLH 


Power Supply Current (Total of four Icc 
comparators) IEE 
(RL =~, Vcc = +5.0 to +28 Vdc) 
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MC3302 


TYPICAL CHARACTERISTICS 
(Vcc = +15 Vde, Ta +25°C (each comparator) unless otherwise noted.) 


FIGURE 3 — NORMALIZED INPUT OFFSET VOLTAGE 


ESSA 
ee 


+60 +80 +100 





INPUT OFFSET VOLTAGE NORMALIZED TO 25°C 


Ta, AMBIENT TEMPERATURE (°C) 


FIGURE 5 — 













INPUT OFFSET CURRENT NORMALIZED TO 25°C 


es _ 
2 Peer 
=a 

Ww 

x= 36 

a 

o 24 

= 

= 

z 

Ey 


soc] | | tT 


FIGURE 4 — NORMALIZED OFFSET CURRENT 





+80 


+100 


Ta. AMBIENT TEMPERATURE (°C) 


INPUT BIAS CURRENT 


ER BNBSES 
a a ee ee 










Vcc (Vdc) 


TYPICAL APPLICATIONS 


The MC3302 is a quad comparator having high gain, 
wide bandwidth characteristics. This gives the device 
oscillator tendencies if the outputs capacitively couple 
to the inputs via stray capacitance. This oscillation mani- 
fests itself during output transitions (VoL to VoOH). 
To alleviate this situation input resistors << 10 kQ should 
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be used. The addition of positive feedback (1 to 10 mV) 
is also recommended. 
It is good design practice to ground all unused pins. 
Differential input voltages may be larger than supply 
voltage without damaging the comparator’s input voltages. 
More negative than -300 mV should not be used. 








MC3302 


TYPICAL APPLICATIONS (continued) 


FIGURE 6 — FREE-RUNNING SQUARE-WAVE OSCILLATOR FIGURE 7 — TIME DELAY GENERATOR | 


Vcc 






Rt 






“ON” tort >t9+ 
where 
cee RCM 


Vee! 


T 0001 uF 


FIGURE 8 — COMPARATOR WITH HYSTERESIS 


Vcc 


Vref 





Rg=RIVR2 

(Vcc - Vret) RI 

R1+R2+ Rp 

(Vref - Vo Low) RI 
R1+R2+RL 


Vtht = Veet + 


Vth2 = Vref - 
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MC3430 
(AA) MOTOROLA thru 


MC3433 


. QUAD HIGH-SPEED" 


QUAD DIFFERENTIAL VOLTAGE VOLTAGE COMPARATORS 


COMPARATOR/SENSE AMPLIFIERS 


The MC3430 thru MC3433 high-speed comparators are ideal for 
application as sense amplifiers in MOS memory systems. They are 
specified in a unique way which combines the effects of input offset 
voltage, input offset current, voltage gain, temperature variations 
and input common-mode range into a single functional parameter. 
This parameter, called Input Sensitivity, specifies a minimum differ- 
ential input voltage which will guarantee a given logic state. Four 
variations are offered in the comparator series. 

The MC3430 and MC3431 versions feature a three-state strobe 
input common to all four channels which can be used to place the 
four outputs in a high-impedance state. These two devices use 
active-pull-up MTTL compatible outputs. The MC3432 and MC3433 
are open-collector types which permit the implied AND connection. 
The MC3430 and MC3432 versionsare specified for a +7.0 mV input 
sensitivity over the 0 to 70°C temperature range, while the MC3431 
and MC3433 are specified for +12 mV. 


SILICON MONOLITHIC 
INTEGRATED CIRCUITS 


(top view) 


P SUFFIX 
L SUFFIX PLASTIC PACKAGE 


CERAMIC PACKAGE CASE 648 
CASE 620 


CONNECTION DIAGRAM 


@ Propagation Delay Time — 40 ns 
@ Outputs Specified for a Fanout of 10 (MC7400 type loads) 


@ Specified for all conditions of +5% Power Supply Variations, 
Operating Temperature Range, Input Common-Mode Voltage 
Swing from -3.0 V to 3.0 V, and Rs < 200 ohms. \ 


FIGURE 1 — A TYPICAL MOS MEMORY SENSING APPLICATION FOR A 
4-K WORD BY 4-BIT MEMORY ARRANGEMENT EMPLOYING 
1103 TYPE MEMORY DEVICES 


1K WORD 1K WORD 1K WORD 1K WORD 
MOS MEMORY MOS MEMORY MOS MEMORY MOS MEMORY 

1K WORD 1K WORD 1K WORD 1X WORD 
MOS MEMORY MOS MEMORY MOS MEMORY MOS MEMORY 
1K WORD 1K WORD 1K WORD 1K WORD MC3430 thru 

MOS MEMORY MOS MEMORY MOS MEMORY MOS MEMORY T MC3433 
1K WORD 1K WORD 1K WORD 1K WORD t 
MOS MEMORY MOS MEMORY MOS MEMORY MOS MEMORY 
200 


DATA BIT OUTPUT #3 


TRUTH TABLE 
MC3430 and MC3432 


< 70mv 
Ta = Oto 70°C 


ODATA BIT #4 


1 
| 
\ 
\ 
| 
I TRUTH TABLE 

l MC3431 and MC3433 


QOOATA BIT #3 





DATA BIT OUTPUT #2 


ODATA BIT #2 


DATA BIT OUTPUT #1 
18k <+12 mv 


Ta = 0 to 70° 


QO DATA BIT #1 


STROBE 


us 


| 
bs 


Only four devices are required for a 


L = Low Logic Stste Z= Third (High tmpedance) 
4-k word by 16-bit memory system. 


H = High Logic State 1 = Indeterminate State 
RS < 2002 
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MC3430, MC3431, MC3432, MC3433 


MAXIMUM RATINGS (Ta = 0 to +70°C unless otherwise noted.) 
Rating  Srbot J 


: VICR : 


| Vick | 


Output Voltage (MC3432 — 33 versions) 


Junction Temperature Ty 
Ceramic Package 175 Oc 
Plastic Package 150 
Operating Temperature Range 


Storage Temperature Range 


+475 
4.75 





ELECTRICAL CHARACTERISTICS (Vcc = 5.0 Vdc, Veg = -5.0 Vde, Ta = 0°C to +70°C unless otherwise noted.) 
Typical Values are Measured at Ta = 25°C 


Input Sensitivity (See Discussion on Page 3) 
(Rg <200 Ohms} 
(Common Mode Voltage Range = -3.0 V <Vjn <3.0 V) 
475 SVec S5.25 V wits MC3430, MC3432 
Ta = 25°C { 
4.75 >VeE S-5.25V MC3431, MC3433 
(Common Mode Voltage Range = -3.0 V <Vjn <3.0 V) 
4.75 SVcc S5.25V | 0. § MC3430, MC3432 
Ta = 0 to 70°C { 
4.15 >VeE S-5.25 V MC3431, MC3433 


E 
< 


Input Bias Current 
(Voc = 5.25 V, Veg = -5.25 V) MC3430, MC3432 
; MC3431, MC3433 


. 


Strobe Current (Low State) 
(Vcc = 5.25 V, Veg = -5.25 V, Vin = 0.4 V) 
Strobe Current (High State) 
(Vcc = 5.25 V, Veg = -5.25 V, Vin = 2.4 V) 
(Voc = 5.25 V, Veg = -5.25 V, Vin = 5.25 V) 


Output Voltage (High State) VoH 
(Io = -400 BA, Voc = 4.75 V, Veg = -4.75 V) 
OL 


Output Voltage (Low State) Vv 
(19 = 16 mA; Vcc = 4.75 V, Veg = 4.75 V) 


Output Leakage Current IcEx 
(Vcc = 4.75 V, Veg = ~4.75 V, Vo = 8.25 V) 


<j r 
<| > > 


‘ 


Output Current Short Circuit 

Output Disable Leakage Current 

High Logic Level Supply Currents 
(Voc = 5.25 V, Veg = -5.25 V) 
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MC3430, MC3431, MC3432, MC3433 


A UNIQUE FUNCTIONAL PARAMETER FOR COMPARATORS 


A unique approach is used in specifying the MC3430-33 quad 
comparators. Previously, comparators have been specified as linear 
devices with common operational amplifier type parameters such 
as voltage gain (Ayoj), input offset voltage (ViQ), input offset 
current (tq) and common-mode rejection ratio (CMRR). This 1s 
true despite the fact that most comparators are seldom operated in 
their linear region because it ts difficult to hold a high gain com- 
parator in this narrow region. Comparators are normally used to 
“detect” when an unknown voltage level exceeds a given reference 
voltage. 

The most desirable comparator parameter is what minimum dif- 
ferential input voltage is required at the comparator’s input ter- 
minals to guarantee a given output logic state. This new and im- 
portant parameter has been called input sensitivity {Vyg) and is 
analagous to the input threshold voltage specification on a core 
memory sense amplifier. The input sensitivity specification in- 
cludes the effects of voltage gain, input offset voltage and input 
offset current and eliminates the need for specifying these three 
parameters. 

In order to make this parameter as inclusive as possible on the 
MC3430-33 series quad comparators, the input sensitivity ts speci- 
fied within the following conditions: 


Commercial Temperature Range — 0 to 70°C 
Power Supply Variations — +5% (ail conditions) 
Input Source Resistance — <200 Ohms 
Common-Mode Voltage Range — -3 0 V to +3.0 V 


Note Typical values have been included on the omitted parameters 
for applications where the offset voltages are externally nulled. 

Voltage gain 1s defined as the ratio of the resulting AVo toa 
change in the VipR using conditions at which the Vio and lio 
are nulled. Thus, for worst case MTTL logic levels, the required 
output voltage change is 2.0 V (VoHmin — Vo_max = 2.4 V — 


0.4 V). If 2.0 mV are required at the input terminals to induce 
this change in logic state, the voltage gain would be 1000 V/V. 

Gain however is not the only factor affecting the logic tran- 
sition. Normally input offset voltages, that are not externally 
nulled, can add an appreciable error that drastically overshadows 
the comparator gain. Therefore, the 2.0 mV for example, required 
to cause the logic transition is often masked. An input offset 
voltage of up to 75 mV might be required to reach the linear 
region. A further consideration ts the input offset current of up to 
+10 pA flowing through the matched 200-Ohm source resistors at 
the input terminals which can create an additional error of +2.0 
mV. In order to determine a worst Case input sensitivity, it must 
be assumed that minimum specified gain and maximum specified 
offset voltage and current conditions exist. Also it must be as- 
sumed that these three factors are cumulative, requiring a worst 
case input of: 

Logic Transition = 2.0 mV 

Vio = 7.5 mv 

yo of £10 BA thru 200-Ohm resistor = 20 mV 
Therefore, 2+ 7.5+ 2= 11.5 mV. 


The effects of power supply voltage variations, temperature 
changes and common-mode input voltage conditions have not 
been considered, as they are not present in the gain and offset 
specifications on most comparators. 

Thus, the input sensitivity specification greatly reduces the 
effort required in determining the worst case differential voltage 
required by a given comparator type. 

Table ! compares the worst case input sensitivity of three 
popular comparator types at both room temperature and over the 
specified commercial temperature range (0 to 70°C). This sensi- 
tivity was computed from the specified voltage gain, offset voltage 
and offset current limits. 


TABLE | — WORST CASE COMPARISONS 


Ta = 25°C 


Oifferential Input Error Voltage 

Voltage Required | Rg = ae 2 |Generated Into 

for 30 V Output 200 2 Source 
Change Resistors 


me Avol* 
V/V 
Typ 


Type 


Number ie had 


*Typical values given, as minimum gain not always specified 
**(1q measured in nA 


FIGURE 2 — GUARANTEED OUTPUT STATE versus 
DIFFERENTIAL INPUT VOLTAGE 


Ede aH Guaranteed 


Uncertainty 















Region Se eee & 
30 MC3430 —t+—H | | VOH 
Mc3432 All device 














\ 
Uncertainty 
Region 
MC3431 
MC3433 


MC3432 
Only 
| L3ov 


<VicR<30V 
Ba 
| tt | +t -475V>VeEe-525V 


0°C <Ta < 70°C 












Vg, OUTPUT VOLTAGE (VOLTS) 














~~ “Guaranteed a ie Rs < 2002 
VoL All device types il tt : 
-35 -30 -25 -20 -19 -10 -5 0 10 15 20 25 30 35 


OIFFERENTIAL INPUT ee (mV) 


Total 


Sensitivity 


mV 
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Vin(B), INPUT VOLTAGE (VOLTS) 
o 


Ta = 0 to 70°C 
Error Voltage 
Total 
Sensitivity 
mV 


200 2 Source 
Resistors 


for 30 V Output 
Change 


FIGURE 3 — GUARANTEED OUTPUT STATE versus 
INPUT VOLTAGE 





40 l 


* Undetermined 
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(Expanded 
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VinlA Vout 
| 


























10 | is 
Guaranteed Rg < 2002 
-20 Vou -30V<VicR<30V) 
State OC <Ta< 70°C 
-30 475V<Vcec<525V 
~-475V>VEE>-525V 
-40 
-40 -30 -20 -10 0 10 20 30 40 


Vin(A), INPUT VOLTAGE (VOLTS) 








MC3430, MC3431, MC3432, MC3433 ee aire 


SWITCHING CHARACTERISTICS (Vcc = +5.0 Vdc, Veg = -5.0 Vdc, Ta = +25°C unless otherwise noted.) 


Time (Differential Inputs) 5 0 mV + Vis 
Low to High Logic Level Propagation Delay tPLHID) 
Time (Differential Inputs) 5.0 mV + Vy 
Delay Time {Strobe} 
Delay Time (Strobe) 


Open State to Low Logic Level Propagation tpZL(s) 
Delay Time (Strobe) 

Low Logic Level to Open State Propagation tpLz(s) 
Delay Time (Strobe) 


High Logic to Low Logic Level Propagation tPHL(S) 
Delay Time (Strobe) 

Low Logic to High Logic Level Propagation tpLH(s) 
Delay Time (Strobe) 





TEST CIRCUITS 
FIGURE 4 — STROBE PROPAGATION DELAY TIMES tp, 2(s). tPzL(S)- tpHz(S). 29d tpzH(S) 


+50V 










Tw fwps | | 
[riz] [r0omv | GND | cioma_| Ciowa | 
Piezuis) [100mv | GND | Coma | Oven | 
[ienzis) | GNO_[100 mv | clomd | Cloned | T8eF_ 
Peznisy | ono [roomy | Open [cions | s0 mr | 


Cy includes jig and probe capacitance. 

E jn waveform characteristics 

trTLH and trHL_ S 10 ns measured 10% to 90%. 
PRA =10MHz 

Duty Cycle = 50% 


[15 PF | 






Output of Channel 8 shown under test, 
other channels are tested similarly 









3.0 V------ 
Ein 

e ov 
tPL2({S) . tPH2(S) tPHZ(S) 

2Z15V Vou 

\ Eo 0.5 Vv 
T156V 
3.0V 
Ein OV—--- 

tpzut(s) tPZLiS) tpzH(Ss) 





1.5 V 
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MC3430, MC3431, MC3432, MC3433 


FIGURE 5 — STROBE PROPAGATION DELAY tp_yis) AND tpHL(s) 


45.0 V 


+100 mV 


Eo 












15 pF 


T (Total) 


E.n waveform characteristics 

tTLH and trHL < 10 ns measured 10% to 90%, 
PRR = 10MHz 

Duty Cycle = 50% 


Output of Channel 8 shown under test, other channels are tested similarly. 


FIGURE 6 — DIFFERENTIAL INPUT PROPAGATION DELAY tp_H(p) AND tpHL(p) 
+5 0V 


VREF 


Vrer + Vis 


MC3430 
thru 
MC3433 


or equiv 











Eo 
Ein waveform characteristics 
Output of Channel 8B shown under test, other channels are tested similarly tTLH and trHL < 10 ns measured 10% to 90%. 
Devi Vv V PRR = 10MHz 

$1 at “A” for MC3430, MC3431 evice VREFM Duty Cycle = 50% 
$1 at “B” for MC3432, MC3433 MC3430 
C1 = 50 pF total for MC3430, MC3431 MC3431 | 15 
C_ = 15 pF total for MC3432, MC3433 MC3432 | 11 

mc3433 | 15 

FIGURE 7 — CIRCUIT SCHEMATIC 

(1/4 Circuit Shown) 
Vee ° 


O OUTPUT 


INPUT 


O STROBE 


TO OTHER 


VEE O COMPARATORS 


Dashed components apply to the MC3430 and MC3431 circuits only. 
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MC3430, MC3431, MC3432, MC3433 


TYPICAL PERFORMANCE CURVES 


RESPONSE TIME versus OVERDRIVE — MC3430, MC3431 


FIGURE 8 — OUTPUT LOW TO HIGH 





-20 -10 0 10 20 30 40 50 
TIME (ns) 


FIGURE 9 — OUTPUT HIGH TO LOW 









aa ae ee ee 
Vou coef SSS a 
200 Vc P| ook op ie: 


-20 -10 0 10 20 30 40 50 
TIME (ns) 


RESPONSE TIME versus OVERDRIVE — MC3432, MC3433 


FIGURE 10 — OUTPUT LOW TO HIGH 





OUTPUT VOLTAGE 






Za 
Saeee222Geuece 


VOL entertain A | 


-10 0 10 20 30 40 50 60 
TIME (ns) 


FIGURE 12 — AVERAGE INPUT OFFSET VOLTAGE 
versus TEMPERATURE 

















INPUT OFFSET VOLTAGE (mV) 




















AMBIENT TEMPERATURE (°C) 


FIGURE 11 — OUTPUT HIGH TO LOW 


Vec=50V 


— VeE= -5 OV 
|_| 


Ta = 25°C 


OUTPUT VOLTAGE 





20m {| ot 
100mvj | 
-20.. -10 0 10 20 30 40 
TIME (ns) 


FIGURE 13 — RESPONSE TIME versus TEMPE RATURE 
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MC3430, MC3431, MC3432, MC3433 


APPLICATIONS INFORMATION 


FIGURE 14 — 4-BIT PARALLEL A/D CONVERTER 


o50V 
1 14 N rT 2m = a = Soe = a 
: a ae 2° = (A+B) (C+ 0) (E + F) (H + J) (K + L) (M+ N) (P + RR) (S) 
ref ~ = = = = 
equiv FRO 1 uF 2 Fuel (F + J) (L +N) (R) 
51 (B 
Vind Each Comparator 


1/4 of MC3432 
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MC3430, MC3431, MC3432, MC3433 


FIGURE 15 — LEVEL DETECTOR WITH HYSTERESIS 





FIGURE 17 —- DOUBLE ENDED LIMIT DETECTOR 


Enable 


Vret (high) O 


1/4 MC3432 
MC3433 


Vref (low) O 
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FIGURE 16 — TRANSFER CHARACTERISTICS AND 
EQUATIONS FOR FIGURE 15 






Vo (VOLTS) 


Vin (VOLTS) 












R2 [Vo(max) — Vree! 
Vhigh = Vret * R1+ R2 

R2 [Vo(min) — Vrer! 
Viow= Vrett ate ag 


Hysteresis Loop (Vp) 
R2 
Vh = Vhigh — Viow* 874 pa !VO(max) — Voimin)! 


FIGURE 18 — VOLTAGE TRANSFER FUNCTION 


Vref (low) Vref (high) 
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DATA CONVERSION 


Temperature Range 


Commercial Military Page 
MC1405 MC1505 Dual Ramp A/D Converter Subsystem .........cesceceees 8-3 

MC1406 MC1506 6-Bit Multiplying D/A Converter .......cccecccsccecees 8-17 
MC1408 MC1508 8-Bit Multiplying D/A Converter ....... teeidcsee eatew cae'es B=29 
MC3408 — 8-Bit Multiplying D/A Converter .........00. Slsreeh eaters .- 8-43 
MC3410, C MC3510 10-Bit Multiplying D/A Converter «2... cece cececcccves 8-49 
MC3412 _ High-Speed 12-Bit D/A Converter ....... aie eletiet sta heser'evgia ase 8-60 
MC6890 MC683S0A 8-Bit Bus-Compatible MPU D/A Converter ........- sieralesers 8-61 
MC10317L — 7-Bit High-Speed A/D Flash Converter .......ecceeceene . 8-65 
MC10318L/L9 — High-Speed 8-Bit D/A Converter .......-.e00.6 ole ane vei ees - 8-66 
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(AA) MOTOROLA 


DUAL RAMP A/D CONVERTER SUBSYSTEM 


The MC1505/MC1405 is intended to perform the dual ramp function for 
either a 3-1/2 or 4-1/2 digit DVM or use as a general-purpose analog-to-digital ANALOG-TO-DIGITAL 
(A/D) converter. It can be combined with the CMOS MC14435 logic system CONVERTER SUBSYSTEM 
to produce the complete 3-1/2 digit DVM function. 

The MC1505 uses the proven dual ramp A/D conversion technique. The SILICON MONOLITHIC 
subsystem consists of an on-chip voltage reference, a pair of voltage/current INTEGRATED CIRCUIT 
converters, an integrator, a comparator, a current switch and associated con- 
trol and calibration circuitry. Only one capacitor and two calibration 
pctentiometers are required for normal operation. 


Accuracies to 13 Bits 

Low Power Consumption: 42 mW @ +5.0 V 

Single Power Supply Operation — +5.0 V to +15 V 

Low Power Supply and Temperature Sensitivity 

Digital Inputs and Outputs Compatible with Both MTTL and 


16 
CMOS 
Accepts Either Positive or Negative input Voltages (top view) 


@ Combines with MC14435 to Produce 3-1/2 Digit A/D Converter 


1 
FIGURE 1 — COMPLETE A/D CONVERTER SYSTEM 
Full Scale Vee DO +50t0+15V a 
Calibration integrator } - 
MC1505 MC14435 Digital 

Shey orEquiv Subsystem Select 

Amplifiers Clock 

Reference —_ Control Logic 

Switch Counters Output 
integrator P: Latches L su FFIX 


Comparator Multiplexer 
CASE 620 


ny CERAMIC PACKAGE 


Zero Adjust Orsplay Overrange 
Update 


FIGURE 2 — PIN CONNECTIONS AND FUNCTIONAL DIAGRAM (as used in Figure 1) 


DIGITAL LOGIC SECTION 


Scate 
Cat 
bration Voltage 
Reference 


Reset 
St Counters 


Control 
Analog 


Strobe Latches 
Multiplex 





Digital Digit 
Output Select 


TYPICAL APPLICATIONS 
BCD A/D Converter: 2-1/2 to 4-1/2 Digits (LSI or MS! Logic) Other Uses: 
Panel Meters Data Acquisition Systems with Remote MC1505 


Digital Voltmeters Voltage to Frequency Conversion 
Portable Instruments Delta Modulation and Signal Generation 


Industrial Measurement and Control 


Binary A/D Converter: 8-to-13 Bits (LSI or MS! Logic) 


Industrial Measurement and Control 
High Noise Environments (Integrating Converter with MTTL, MHTL, and CMOS Compatibility} 
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MC1405, MC1505 


MAXIMUM RATINGS 





Characteristic 







Power Supply Voltage 


Power Dissipation (Package Limitation) Ceramic Dual In-Line Package 
Derate above Ta =+25°C 6.0 mw/°C 
Operating Ambient Temperature Range 
MC1505L 
MC1405L 


Storage Temperature Range 


ELECTRICAL CHARACTERISTICS (Vec = +15 Vde, VR = 1.000 Vde, V1 = 2.000 Vdc, V2 = 0.000 Vdc, V10 > 2.0 Vdc, 
Tp = 25°C unless otherwise noted.) 


A/D CONVERSION SYSTEM (1) 
ee 

















-55 to +125 
0 to +70 













Linearity: Deviation from Straight 
Line through Zero and Full Scale (2) 
Mid-Scale Power Supply Sensitivity PSSF 
(PSS of IR-(Ix + 1g), V1 = 1.0 V) 
Zero Caltbration Power Supply Sensitivity i ee 
(V1=V2=0V)} 
|CMSIx| 0.0006 | 0.0018] %/mV 
(Vx = 2.0 V, Vom = V2 1s varied) 
| 9 | 
| 98 | 
ie I 
a sal 
Pena ca 









Input Common Mode Sensitivity 
Full Scale Temperature Drift (3) |TCF| 
Zero Calibration Temperature Drift (3) |Tc2| 
VOLTAGE REFERENCE 
Reference Voltage, Pin 11 VREF 
Reference Voltage Power Supply Sensitivity PSSVREF 
Reference Voltage Temperature Drift ITCVpReEF| 
REFERENCE CURRENT CONVERTER 

[Reference Curent —SSC*dSCS 
Input Bias Current 114 
Input Range of Va 
Input Offset Voltage (V14-V15) \Verl 


INPUT CURRENT CONVERTER 


Unknown Current 


Input Resistance 


Input Differential Range 
Input Common Mode Range 


Input Bias Currents eal 


Input Offset Voltage (V13-V3) IVxx] 


RAMP OFFSET SOURCE 


[Romp Ofte Curent ——SSC*d Sto dT * | 7] dT dT eT 


(1) System parameters measured using external voltage reference, independent of V11 = Vaer. 
Integrator Capacitor = 2.0 uF 
Clock Frequency = 30 kHz 
Vec=15V 


(2) Does not include quanitizing error. See Figure 10 for calibration. 











MC1405, MC1505 


ELECTRICAL CHARACTERISTICS Wee = +15 Vde, VQ = 1.000 Vdc, V1 = 2.000 Vde, V2 = 0.000 Vde, V10 > 2.0 Vde, 
Ta = 25°C unless otherwise noted.) 





| 14S 
re ae eesti 
CURRENT SWITCH 
Digital Input Logic Levels, Pin 10 

High Level, Logic 1” 

Low Level, Logic ‘1’ 
Digital Input Current 

High Level, Logic “1° 

Low Level, Logic “0° 













Output Voltage Swing 
Volts 
Vou 
VoL 
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Thigh= +125°C for MC1505L, +70°C for MC1405L 


FIGURE 3— STANDARD TEST CONFIGURATION 
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bypassed with 0.1 WF. 
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GENERAL INFORMATION 


Dual Ramp Analog-to-Digital Conversion 


The dual ramp method of A/D conversion is a proven 
system which is capable of very high accuracy. The con- 
version is an integrating process which offers high noise 
rejection and immunity to changes in the clock rate and 
integrator capacitor value. The particular method used in 
the MC1505 is a noniterating dual slope technique which 
produces an accurate result after one conversion period. 

Dual ramp conversion is accomplished with the system 
of Figure 2, The conversion begins at time t1, when current 
1x causes the integrator output, or ramp, to cross the 
comparator threshold, as shown in Figure 6. The clock is 
activated and the counters begin counting from zero. The 
system counts for a fixed period T, with a ramp slope 
which depends on the input voltage, i.e., a steep slope is 
caused by a high input voltage. When the counters have 
reached full scale, the overflow count triggers a + 2 flip- 
flop which changes the ramp control polarity current. IR 


A/D Subsystem Circuit Description md 


The MC1505 incorporates special circuit features which 
allow all the analog functions of the dual ramp system to 
be performed on a single monolithic chip using standard 
bipolar processing. 

Voltage-to-current conversion for both the input and 
reference voltages allows the use of a high-speed current 
switch and single supply operation. The unbuffered dif- 
ferential inputs have sufficiently high input impedance for 
power supply monitoring applications, and provide flexi- 
bility for other input formats since they will accept either 
positive or negative voltages. 

The voltage reference, shown in Figure 7, is one of the 
six basic circuits in the subsystem. It provides a low im- 
pedance output which has excellent temperature stability, 
and high power supply rejection. Biasing for the other 
circuits in the MC1505 is derived from the voltage 
reference circuitry. 


FIGURE 6 — DUAL RAMP A/D CONVERSION WAVEFORMS 


| 
van’ 


Integrator 


Comparator 


Ramp 
Control 


now controls the integrator and the down ramp begins at 
t2. This ramp continues at a fixed slope for a time period 
which depends on the amplitude achieved by the up ramp. 
Thus T2 is determined by the input voltage. When the 
ramp crosses the comparator threshold at t3, the clock 
stops and the counter holds a digital value which is pro- 
portional to the unknown input voltage. 

After the down ramp crosses the comparator threshold, 
a timing sequence in the digital section strobes the latches 
to store the data, resets the counters, and reverses the 
ramp at t4 to begin a new conversign. 

Since the voltage change across the capacitor is equal 
on the up and down ramps, an equal amount of charge is 
exchanged. The equations of Figure 6 show that the 
system output is the ratio of the unknown and reference 
currents, and long term changes in the clock rate and 
integrator capacitor do not effect the reading. 


oa ies 2 


eens ee er 





AV on capacitor is equal in T1 and 12 
t2 t3 


1 
Constant Slope} if iat an IR dt 
t1 t2 


Where Ix is opposite I polarity. 
Ix T1=IR T2 

Since |x and IR are proprotional to Vx and Vr, 
Vx T1= VR T2 


Vx 
T2=T1Ge 


T2 corresponds to the number of counts in the 
Output digital word. 


T1 and T2 are derived from the clock, so their 
ratio 1s independent of clock frequency. 


The same basic amplifier circuit is used in both the 
reference and input voltage-to-current converters. It is an 
extremely well balanced amplifier with low input offset 
voltage temperature drift. The reference converter uses a 
pair of PNP transistors to derive current IR, in conjunction 
with a reference resistor which has the same temperature 
coefficient as those used in the input converter. The value 
of the reference current is VpR/RS. The collectors of 
transistors Q1, Q2 and Q3 in Figure 7 all track with a two 
diode temperature coefficient, which assures constant 
current ratios. 

The reference resistor value can vary by 30% of 4.0 
kg due to process variations. Moreover, these variations 
will also affect the input bridge resistors. Thus, the ratio 
of reference to unknown current has a close tolerance for 
a wide range of resistor values. 


MC1405, MC1505 


The input voltage-to-current converter is a bridge or 
bilateral current source whose output current is Vx/R1. If 
the bridge is perfectly balanced, its output impedance and 
common mode rejection are infinite. However, the design 
has the ability to tolerate bridge mismatches of approxi- 
mately 0.5%. In order to tolerate this mismatch, the 
output of the bridge current source is connected to the 
current switch which is a low temperature coefficient, low 
impedance source of 1.25 volts. This technique effectively 
eliminates output current changes due to finite output 
impedance which is caused by resistor mismatch. This 
input current converter makes possible the use of a single 
supply voltage and differential inputs which can be used at 
or below ground potential. 

"An important feature of the MC1505 is the ramp offset 
current source which is added to the unknown current and 
does not allow the ramp to reach zero slope when the 
input voltage is zero. The ramp range is shown in Figure 8. 
The ramp offset current has a value of 1pR/10, so that the 
minimum ramp slope is 5% of the full scale slope. This 
allows reliable conversion at low input voltages by assuring 
a nearly constant comparator propagation delay and a 
good ramp signal-to-noise ratio. It also prevents turn-off 


of the diode in the current switch at fow levels, re- 
stricting the voltage change at the output of the resistor 
bridge. Still another feature is that it provides a con- 
venient temperature compensated zero adjust which can 
correct errors in the resistor bridge and input buffer 
amplifiers when they are used. The ramp offset current is 
compensated by 100 extra counts in the digital logic 
during ramp down, so it does not appear in the digital 
output (see Figure 8). 

The current switch uses current steering for very high 
speed operation. A smooth transition occurs as one current 
is turned on while the other is turned off. This minimizes 
error during the ramp reversal at its peak, especially since 
the reference current source has a very high output im- 
pedance and does not change value when switched. The 
settling time of the input current converter is not a factor 
in system accuracy. At the ramp peak, Ix is turned off, so 
the amplifier settles after the unknown current is de- 
coupled from the integrator. When the ramp is below the 
comparator threshold, the unknown current is switched on 
and thus the current can settle before the ramp enters the 
active conversion range. The switch operates into a voltage 
of 1.95 volts and is translated by a follower so its input 


FIGURE 7 — A/D CONVERTER ANALOG SUBSYSTEM 
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FIGURE 8 — MC1505 SYSTEM TIMING DIAGRAM 
(2.0 Volt Full Scale tnput) 
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TO 
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1 t2 


IR 
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20 


19 corresponds to ramp 
slope when ly = 0 


T2(max) 
2000 Counts 


t3 t4 


Comparator | | 


Ramp 
Control 


(lx +19) TI =I, (T2+ TO) 


threshold is 1.25 volts. 

The integrator is a single stage, wide bandwidth ampli- 
fier. Its low propagation delay and low output impedance 
minimize ramp spikes due to output current reversal during 
ramp turn-around, The input bias current is typically one 
part in 50,000 of the full scale current, so that its temper- 
ature change contributes negligible error. Gain and input 
offset voltage are not critical since the integrator is driven 
from current sources. 

The comparator is designed for low hysteresis by 
maintaining a constant power dissipation regardless of 
output state. This hysteresis is typically 0.1 mV and 
remains constant with temperature variations, so that no 
measurable system error is contributed. Temperature vari- 





ations in the value of the comparator threshold are not an 
error factor, since the only requirement is that the 
threshold remain constant during a given conversion cycle. 
Voltage gain of the comparator is 2,000,000 when driving 
CMOS, and 40,000 with one TTL load. The comparator 
output is slew rate controlled to provide output rise and 
fall times of approximately 80 ns. This minimizes noise 
generation which could affect system stability. 

The system is zeroed and full scale calibrated by 
potentiometers which provide temperature compensation. 
All the other resistors are diffused in close proximity, 
yielding reference and unknown currents which have a 
closely tracking resistive temperature coefficient. 
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APPLICATIONS INFORMATION 


The input configurations for the MC1505 are shown 
in Figure 11. Note that the differential input voltage must 
always remain the same polarity with Pin 1 positive with 
respect to Pin 2. Figures 11 and 13 will aid in the under- 
standing of the input circuitry. 

The input common mode rejection of the MC1505 is 
high enough to maintain rated accuracy with small changes 
in common mode voltage, such as would be seen with 
ground errors and noise. The system must be recalibrated, 
however, for larger changes in common mode input 
voltage. 

The MC1505 is arranged so that Ix = IR when 
Vx = VR, or so that the ramp slopes are equal for input 
and reference voltages of 1 volt. As shown in Figure 8, a 
system with a 2 volt full-scale input requires twice as 
many digital counts during T2 as for T1. A system with a 
1 volt full scale would require an equal number of counts 
in T1 and T2. Figure 9 illustrates a 3-1/2 digit system, 
but typical accuracies of the MC1505 allow its use in 4 
digit applications. {t can also be used in systems which 
require 4-1/2 digit resolution, 

The ramp offset current and 100 count delay are shown 
in Figure 8. In certain applications, a different number of 
counts may be used. The system will not always operate 
properly, however, with a 10 count delay since the ramp 
offset current is used to zero the system and compensate 


for error in the input resistor bridge. This error, known as 
Ixo, is current which flows to or from the input con- 
verter with zero volts applied to the input. It is typically 
between +5.0 pA, which is 1% of full scale in a 2 volt 
system. A 10 count delay would need a 0.5% ramp offset 
current, which would not always be able to cancel this 
error. Also, a 10 count delay does not provide enough 
signal-to-noise margin for consistently accurate low-level 
conversion. 

The integrating capacitor is chosen with the equations 
shown in Figure 9. The maximum ramp voltage should 
be used for best signal-to-noise ratio, but temperature 
changes in Ix, IR and the capacitor should be anticipated 
to prevent integrator saturation. Variations in clock fre- 
quency should also be considered. A polar capacitor with 
Pin 7 at the + terminal may be used. However, settling 
time will be increased when electrolytics are used, Tantalum 
electrolytics are preferred. 


The lower half of the diode current switch is split with 
separate diodes for |x and Io. In most applications Pins 
12 and 13 will be connected so.that the two device 
emitters are effectively one, since the main purpose of 
these pins is for testing. Connecting these pins allows 
proper system zero adjustment and prevents turn-off of 
the switch diode with low unknown current levels. This 
yields better conversion accuracy. 


FIGURE 9a — ACCURACY TEST 
3-1/2 Digit Panel Meter 
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FIGURE 9b — CMOS DIGITAL SUBSYSTEM 
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FIGURE 9c — FUNCTIONAL DIAGRAM OF 
MC14435 CMOS DIGITAL SUBSYSTEM 
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FIGURE 10 — CALIBRATION SET-UP 
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0.001% 
Accurate 
Measurement 







oc 
Source 





MC1505 
3-1/2 Digit 
Panel Meter 


Zero Calibration. 
Set standard at 0.0005 V. : ' 
. Adjust zero potentiometer for panel meter display transition 
between 0.000 and 0.001 V. Note: An analog input of 
-1 mV yields a reading of 0.099. 
Repeat zero and full scale calibration until meter is calibrated 
at both ends of the scale. 


Fuil Scale Calibration: 


Set standard at 1.9995 V. 
Adjust full scale potentiometer for pane! meter display tran- 
sition between 1.999 and 1.000 V. (overrange) 


Linearity Test: 
Adjust standard for the desired panel meter transition and 
record the value of the standard. 


At initial turn-on, set Pin 14 to ~1.0 Volt with full scale potentiometer 
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FIGURE 11 — ANALOG INPUT RANGE 


The input circuit for the MC1505 has a unipolar differential 


Input range of +2 volts and a bipolar common mode input range 
of $1.5 volts. 


Positive Input; 


Vx = V1-V2 Vx Range 0 to +2.0 V 
Vem V2 Vem Range +1.5 V 
1 


Oto +2.0 V 
2 


Vem =OV Vom= +15 V 


Negative Input: 
Ve = VI-V2 Vx Range 0 to +2.0 V 
Vem = V1 Vem Range +1.5 V 


0 to -2.0 V 


Allowable Pin Voltages: 
Pin 1: -1.5 V to +3.5 V 


Pin 2: -3.5 V to+1.5 V 





FIGURE 12 — CIRCUIT TO PREVENT POSSIBLE LATCHUP 
WITH APPLICATION OF NEGATIVE INPUT VOLTAGES 


The MC1405/1505 A/D analog subsystem is intended 
for positive input voltages only (i.e., pin 1 positive with re- 
spect to pin 2). However, should pin 2 become more than 
100 mV positive with respect to pin 1, the internal input 
amplifier may go into a latchup mode which will require Seanbetions 
that the system power be turned off and then reapplied to to 
reset the system. To prevent this problem a PNP transistor MC14435 
can be used as shown in the accompanying figure. The 


-emitter junction of th istor cl in at MC1405 
base-emitter ju of the transistor clamps pin 73 Meaene Rat 





one diode drop above the reference voltage (pin 11) to 
prevent the latchup. The gain of the transistor insures that 
the reference need not sink more than 500 yA of current. 

The 47 kQ resistor is required only if the A/D system 
is to continue to convert under reverse polarity conditions 
such as for autopolarity schemes. 


Full Scale 


To Pin 11 
MC1405 


Zero 
Adjust 


*47 kQ resistor required if conversions are to continue during 
input polarity reversal, otherwise tie pins 12 and 13 together. 
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V2, COMMON-MODE INPUT VOLTAGE (VOLTS) 


Ix, UNKNOWN CURRENT (mA) 


Icc, POWER SUPPLY CURRENT (mA) 


TYPICAL PERFORMANCE CURVES 


FIGURE 13 — MAXIMUM COMMON-MODE INPUT 
VOLTAGE versus TEMPERATURE 























Note V1 limits the common mode 
capability of the input converter. 
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FIGURE 15 — UNKNOWN CURRENT versus ANALOG 
INPUT VOLTAGE 
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FIGURE 17 — TYPICAL POWER SUPPLY CURRENT 
versus POWER SUPPLY VOLTAGE 
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FIGURE 14 — INPUT CURRENT versus INPUT VOLTAGE 

















Note Observe common mode and temperature 
imitation shown in Figures 11 and 13 
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FIGURE 16 — REFERENCE CURRENT versus REFERENCE 
INPUT VOLTAGE 
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FIGURE 18 — TYPICAL POWER SUPPLY CURRENT 
versus TEMPERATURE 
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FIGURE 19 — CURRENT SWITCH TRANSFER FIGURE 20 — INTEGRATOR OUTPUT SWING 
CHARACTERISTIC versus TEMPERATURE ' 
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FIGURE 23 - CURRENT MEASUREMENT CIRCUITRY FIGURE 24 —- DVM VOLTAGE RANGING 
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Input 9M 
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Input 


Full Scale Current Readings 

0.12 4, 1.999 mA 
2. 19.99 mA — 
3. 199.9 mA - 1. 1.999 V 


as 4. 1.999A 2. 1999V 
3 199.9V 


Full Scale Voltage Range 


If a voltage drop of 20 V full scale can be tolerated the 
resistors may be increased by a factor of ten and a unity gain 
buffer may be employed. 
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Ramp Control of 
MC1505 (Pin 10) 


Comparator Input 
of MC1505 (Pin 9) 


FIGURE 25 — MTTL DIGITAL SUBSYSTEM 
12 Bit Binary A/D Converter 
(1.0 Voit Full Scale, 512 Count Delay) 
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Notes: 
1. NAND Gates = MC7400 or equiv. 
NOR Gates = MC7402 or equiv. 


Inverters = MC7404 or equiv. 


Binary Outputs 





2. The clock period should be greater 
than twice the worst case ripple delay 
through the counters to achieve full 

ToR accuracy. 


Strobe 


3. The counter delay should be 
ToR approximately 10% of T1, 
hence 512 counts. 
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FIGURE 26 — 12-BIT BINARY A/D LOGIC SUBSYSTEM 
USING CMOS 
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| MC1406L 
MC1506L 


Specifications and Applications 


Information SIX BIT, MULTIPLYING 
DIGITAL-TO-ANALOG 
CONVERTER 


SILICON MONOLITHIC 
SIX BIT, MULTIPLYING INTEGRATED CIRCUIT 


DIGITAL-TO-ANALOG CONVERTER 





. .. designed for use where the output current Is a linear product 
of asix-bit digital word and an analog input voltage. 


(top view) 
Digital Inputs are MDTL and MTTL Compatible 
Relative Accuracy — +0.78% Error maximum a 
Low Power Dissipation — 85 mW typical @ +5.0 V 
Adjustable Output Current Scaling 
Fast Settling Time -- 150 ns typical 
Standard Supply Voltage: +5.0 V and -5.0 V to-15 V 

CERAMIC PACKAGE 


CASE 632 
TO-116 


FIGURE 1 — OUTPUT CURRENT SETTLING TIME FIGURE 2 — D-to-A TRANSFER CHARACTERISTICS 
(ALL BITS SWITCHED, R,_ =50 2) 


100 ns/DIV. (000000) INPUT WORD (111111) 


TYPICAL APPLICATIONS 


Tracking A-to-D Converters 

Successive Approximation A-to-D Converters 
Digital-to-Analog Meter Readout 

Sample and Hold 

Peak Detector 

Programmable Gain and Attenuation 

Digital Varicap Tuning 

Video Systems 


Stepping Motor Drive 

CRT Character Generation 
Digital Addition and Subtraction 
Analog-Digital Multiplication 
Digital-Digital Multiplication 
Analog-Digital Diviston 
Programmable Power Supplies 
Speech Encoding 
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MAXIMUM RATINGS (Ta = +25°C unless otherwise noted.) 


Power Supply Voltage Vv +5.5 Vde 
VEE -165 


cc 
Digital Input Voltage Vs thru V19 +8.0, VEE Vde 
TA 
















[RefewnceGurent mA 
Reference Amplifier Inputs ' Vi2. V13 Vcc. VEE Vde 


Power Dissipation (Package Limitation) ' 
Ceramic Package 
Derate above Ta = +25°C 


7 : 
ELECTRICAL CHARACTERISTICS (Vcc = +5.0 Vdc, Veg = —15 Vde, et = 2.0 mA, all logic inputs in low logic state, 
Ta= Thigh to Tigw, unless otherwise noted.) 


Characteristic 
Relative Accuracy (Error relative to full scale Iq) 


Settling Time (within 1/2 LSB [includes tg] Ta = +25°C) 


Propagation Delay Time 
Ta = +25°C ; 


Output Full Scale Current Drift he tal 


Digital Input Logic Levels 
High Level, Logic ‘1° 
Low Level, Logic ‘’0”’ 











Operating Temperature Range 
MC1506L 
MC 1406L 


~55 to +125 
0 to +70 


Storage Temperature Range 





Digital Input Current 
High Level, Vip =50V 
Low Level, Vii = 0.8 V ' 


Reference Input Bias Current (Pin 13) 


Output Current Range 
Vee =-50V 
VEE =-60to-15V 
Output Current 
ref = 2.000 V, Ry42 = 1.000 k2 


Output Current 
(afl bits high) 


Output Voltage Compliance 


19 
(E-<+0 78% at Ta = +25°C) Vo- 
—) 


Reference Current Slew Rate SR lref 
(Ta = +25°C) 


Output Current Power Supply Sensitivity PSRR( 


Power Supply Current 
Al thru A6; Vit =O8V 
Althru A6;Vjy = 2.4V 


Power Dissipation (all bits high) 
Veg = -5 0 Vdc 
Veg = -15 Vde 





*Thigh = +70°C for MC1406L_ — Tiow = O°C for MC1406L 
= +125°C for MC1506L = -65°C for MC1506L 
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The MC1506L consists of a reference current amplifier, 
and R-2R ladder, and six high-speed current switches. For 
many applications, only a reference resistor and a reference 
supply voltage need be added. 

The switches are inverting in operation, therefore a low 
state at the input turns on the specified output current 
component. The switches use a current steering technique 
for high speed and a termination amplifier that consists of 
an active load gain stage with unity gain feedback. The 
termination amplifier holds the parasitic capacitance of the 
ladder at a constant voltage during switching and provides 
a low impedance termination of equal voltage for all legs 
of the ladder. 

The R-2R ladder divides the reference amplifier current 
into binarily-related components which are fed to the 
switches. Note that there is always a remainder current 
that is equal to the least significant bit. This current is 
shunted to ground, and the maximum current is 63/64 of 
the reference amplifier current, or 1.969 mA for a 2.0 mA 
reference current if the NPN current source pair is 
perfectly matched. 
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TEST CIRCUITS AND TYPICAL CHARACTERISTICS 


FIGURE 3 — NOTATION DEFINITIONS TEST CIRCUIT 
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FIGURE 4 — OUTPUT CURRENT versus OUTPUT VOLTAGE 
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TEST CIRCUITS and TYPICAL CHARACTERISTICS (continued) 


FIGURE 9 — TRANSIENT RESPONSE 
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FIGURE 10 — RELATIVE ACCURACY TEST CIRCUIT 
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FIGURE 11 — TYPICAL POWER SUPPLY CURRENT. FIGURE 12 — TYPICAL POWER SUPPLY CURRENT versus VEE 
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TYPICAL CHARACTERISTICS (continued) 


FIGURE 13 — LOGIC INPUT CURRENT versus INPUT VOLTAGE 
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GENERAL INFORMATION 


Output'Current Range 

The output current maximum rating of 4.2 mA may be 
used only for negative supply voltages below -6.0 volts, 
due to the increased voltage drop across the 400-chm 
resistors in the reference current amplifier. 


Output Voltage Compliance 

The MC1506L current switches have been designed for 
high-speed operation and as a result have a restricted out- 
put voltage range, as shown in Figures 4 and 5. When a 
current switch is turned ‘off’, the follower emitter is 
near ground and a positive voltage on the output terminal 
can turn “‘on’’ the output diode and increase the output 
current level. When a current switch is turned ‘‘on”, the 
negative output voltage range is restricted. The base of 
the termination circuit Darlington amplifier is one diode 
voltage below ground; thus a negative voltage below the 
specified safe level will drive the low current device of the 
Darlington into saturation, decreasing the output current 
level. 

For example, at +259C the allowable voltage compliance 
on Pin 4 to maintain six-bit accuracy is +0.1 to -0.3 
Volts. With a full scale output current of 2.0 mA, the 
maximum resistor value that can be connected from Pin 4 
to ground is 150 ohms. 


Accuracy 

Absolute accuracy is the measure of each output current 
level with respect to its intended value, and is dependent 
upon relative accuracy and full scale current drift. Relative 
accuracy ts the measure of each output current level as a 
fraction of the full scale current. The relative accuracy of 
the MC1506L ts essentially constant with temperature due 
to the excellent temperature tracking of the monolithic 
resistor ladder. The reference current may drift with 
temperature, causing a change in the absolute accuracy 
of output current. 

The best temperature performance is achieved with a 
-6.0 V supply and a reference voltage of -3.0 volts. These 
conditions match the voltage across the NPN current source 
pair in the reference amplifier at the lowest possible volt- 
age, matching and optimizing the output impedance of 
the pair. 

The MC1506L/MC1406L is guaranteed accurate to with- 
in +1/2 LSB at +25°C at a full scale output current of 
1.969 mA. This corresponds to a reference amplifier out- 
put current drive to the ladder of 2.0 mA, with the loss of 
one LSB = 31 WA that is the ladder remainder shunted to 
ground. The input current to Pin 12 has a guaranteed 
current range value of between 1.9 to 2.1 mA, allowing 
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GENERAL INFORMATION (continued) 


some mismatch in the NPN current source pair. The 
accuracy test circuit is shown in Figure 10. The 12-bit 
converter is calibrated for a full scale output current of 
1.969 mA. This is an optional step since the MC1506L 
accuracy is essentially the same between 1.5 to 2.5 mA. 
Then the MC1506L full scale current is trimmed to the 
same value with R12 so that a zero value appears at the 
error amplifier output. The counter is activated and the 
error band may be displayed on an oscilloscope, detected 
by comparators, or stored in a peak detector. 

Two 6-bit D-to-A converters may not be used to con- 
struct a 12-bit accurate D-to-A converter. 12-bit accuracy 
implies a total error of +1/2 of one part in 4096, or 
+0.012%, which is more accurate than the +0.78% specifi- 
cation provided by the MC1506L. 


Multiplying Accuracy 

The MC1506L may be used in the multip!ying mode 
with six-bit accuracy when the reference current ts varied 
over a range of 64.1. The major source of error ts the 
bias current of the termination amplifier. Under “worst 
case’’ conditions these six amplifiers can contribute a total 
of 6.0 wA extra current at the output terminal. If the 
reference current in the multiplying mode ranges from 
60 vA to 4.0 mA, the 6.0 WA contributes an error of 
0.1 LSB. This is well within six-bit accuracy. 

A monotonic converter 1s one which supplies an increase 
in current for each increment in the binary word. Typi- 
cally, the MC1506L ts monotonic for all values of reference 
current above 0.5 mA. The recommended range for 
operation with a dc reference current is 0.5 to 4.0 mA. 


Settling Time 

The ‘‘worst case’’ switching condition occurs when all 
bits are switched “‘on’’, which corresponds to a high-to-low 
transition for all bits. This time is typically 150 ns to 
within +1/2 LSB, while the turn “off” is typically under 
50 ns. 

The slowest single switch is the least significant bit, 
which turns “on” and settles in 50 ns and turns ‘‘off’’ in 
30 ns. In applications where the D-to-A converter func- 
tions in a positive-going ramp mode, the ‘’worst case” 
switching condition does not occur, and a settling time 
of less than 150 ns may be realized. 


Reference Amplifier Drive and Compensation 
The reference amplifier provides a voltage at Pin 12 for 
converting the reference voltage to a current, and a turn- 


around circuit or current mirror for feeding the ladder. 
The reference amplifier input current, 112, must always 
flow into Pin 12 regardless of the setup method or reference 
voltage polarity. 

Connections for a positive reference voltage are shown 
in Figure 6. The reference voltage source supplies the full 
current 112. Compensation is accomplished by Miller feed- 
back from Pin 14 to Pin 13. This compensation method 
yields the best slew rate, typically better than 2.0 mA/us, 
and is independent of the value of R12. R13 must be used 
to establish the proper impedance for compensation at 
Pin 13. For bipolar reference signals, as in the multiplying 
mode, R13 can be tied to a negative voltage corresponding 
to the minimum input level. Another method is shown 
in Figure 22. 

It is possible to eliminate R13 with only a small sacri- 
fice in accuracy and temperature drift. For instance when 
high-speed operation Is not needed, a capacitor 1s connected 
from pin 14 to VEE. The capacitor value must be increased 
when R12 is made larger to maintain a proper phase 
margin. For R12 values of 1.0, 2.5, and 5.0 kilohms, 
minimum capacitor values are 50, 125, and 250 pF. 

Connections for a negative reference voltage are shown 
in Figure 7. A high input impedance is the advantage of 
this method, but Miller feedback cannot be used because 
it feeds the input signal around the PNP directly into the 
high impedance node, causing slewing problems and high 
frequency peaking. Compensation involves a capacitor 
to VEE on Pin 14, using the values of the previous para- 
graph. The negative reference voltage must be at least 
3.0 V above Veg. Bipolar input signals may be handled 
by connecting R12 to a positive reference voltage equal to 
the peak positive input level at Pin 13. 

When a dc reference voltage is used, capacitive bypass 
to ground 1s recommended. The 5.0 V logic supply is not 
recommended as a reference voltage. If a well regulated 
5.0 V supply which drives logic is to be used as the refer- 
ence, R12 should be decoupled by connecting it to +5.0 V 
through another resistor and bypassing the junction of 
the two resistors with 0.1 uF to ground. For reference 
voltages greater than 5.0 V, a clamp diode is recommended 
between Pin 12 and ground. 5 

lf Pin 12 ts driven by a high impedance such as a 
transistor current source, none of the above compensation 
methods apply and the amplifier must be heavily compen- 
sated, thus decreasing the overall bandwidth. 
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APPLICATIONS INFORMATION 
FIGURE 16 — OUTPUT CURRENT VOLTAGE CONVERSION 
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An alternative method is to use the MC1539G and input 
compensation. Response of this circuit is also on the 


order of 2.0 us. 


Voltage outputs of a larger magnitude are obtainable FIGURE 18 | 
with this circuit which uses an external operational ampli- 
fier as a current to voltage converter. This configuration 
automatically keeps the output of the MC1506L at ground 
potential and the operational amplifier can generate a 
positive voltage limited only by its positive supply voltage. 
Frequency response and settling time are primarily deter- 
mined by the characteristics of the operational amplifier. 
In addition, the operational amplifier must be compensated 


. r fs : (To pin4 
for unity gain, and in some cases overcompensation may of MC1506L) 
be desirable. 240 
Note that this configuration results in a positive output 


voltage only, the magnitude of which is dependent on nee 
the digital input. 
The following circuit shows how the LM301AG [can — -15V 


be used in a feedforward mode resulting in a full scale 





settling time on the order of 2.0 us. The positive voltage range may be extended by cas- 
coding the output with a high beta common base tran- 


sistor, Q1, as shown. 






Vcc 

FIGURE 17 a ol 
65 pF 5k 
MC1506L Ge 


(To pin4 
of MC1406L)} 


The output voltage range for this circuit is O volts to 
BVcgo of the transistor. Variations in beta must be 





considered for wide temperature range applications. An 
inverted output waveform may be obtained by using a 
load resistor from a positive reference voltage to the 
collector of the transistor. Also, high-speed operation is 
possible with a large output voltage swing. 
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APPLICATIONS INFORMATION (continued) 


Combined Output Amplifier and Voltage Reference 

For many of its applications the MC1506L requires a 
reference voltage and an operational amplifier. Normally 
the operational amplifier is used as a current to voltage 
converter and its output need only go positive. With the 
popular MC1723G voltage regulator both of these functions 
are provided in a single package with the added bonus of 
up to 150 mA of output current, see Figure 19. Instead 
of powering the MC1723G from a single positive voltage 
supply, it uses a negative bias as well. Although the refer- 
ence voltage of the MC1723G is then developed with 
respect to that negative voltage it appears as a common- 
mode signal to the reference amplifier in the D-to-A con- 
verter. This allows use of its output amplifier as a 
classic current-to-voltage converter with the non-inverting 
input grounded. 

Since +15 V and +5.0 V are normally available in a 
combination digital-to-analog system, only the -5.0 V 
need be developed. A resistor divider is sufficiently accu- 
rate since the allowable range on pin 5 is from -2.0 to 
-8.0 volts. The 5.0 kilohm pulldown resistor on the ampli- 
fier output 1s necessary for fast negative transitions. 

Full scale output may be increased to as much as 32 volts 
by increasing Ro and raising the +15 V supply voltage to 
35 V maximum. The resistor divider should be altered to 
comply with the maximum timit of 40 volts across the 
MC1723G. Co may be decreased to maintain the same 
ROCoO product if maximum speed ts desired. 


Programmable Power Supply 

The circuit of Figure 19 can be used as a digitally 
programmed power supply by the addition of thumbwheel 
switches and a BCD-to-binary converter. The output volt- 
age can be scaled in several ways, including 0 to +6.3 volts 
in 0.1-volt increments, +0.05 volt; or 0 to 31.5 volts in 
0.5-volt increments, +0.25 volt. 


FIGURE 19 — COMBINED OUTPUT AMPLIFIER and 
VOLTAGE REFERENCE CIRCUIT 
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Bipolar or Negative Output Voltage 

The circuit of Figure 20 is a variation from the standard 
voltage output circuit and will produce bipolar output 
signals. A positive current may be sourced into the sum- 
ming node to offset the output voltage in the negative 
direction. For example, if approximately 1.0 mA is used 
a bipolar output signal results which may be described 
as a 6-bit ‘1’s’’ complement offset binary. Vref may be 
used as this auxiliary reference. Note that Ro has been 
doubled to 10 kilohms because of the anticipated 20 V 
(p-p) output range. 


FIGURE 20 — BIPOLAR OR NEGATIVE OUTPUT 
VOLTAGE CIRCUIT 
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Polarity Switching Circuit, 6-Bit Magnitude Plus 
Sign D-to-A Converter 

Bipolar outputs may also be obtained by using a polarity 
switching circuit. The circuit of Figure 21, gives 6-bits 
magnitude plus a sign bit. In this configuration the oper- 
ational amplifier is switched between a gain of +1.0 and 
-1.0. Although another operational amplifier is required, 
no more space is taken when a dual operational amplifier 
such as the MC1558G ts used. The transistor should be 
selected for a very low saturation voltage and resistance. 


FIGURE 21 — POLARITY SWITCHING CIRCUIT 
(6-Bit Magnitude Plus Sign D-to-A Converter) 
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APPLICATIONS INFORMATION (continued) 


Programmable Gain Amplifier or Digital Attenuator 

When used in the multiplying mode the MC1506L can 
be applied as a digital attenuator. See Figure 22. One ad- 
vantage of this technique is that if Rg = 50 ohms, no 
compensation capacitor is needed and a wide large signal 
bandwidth is achieved. The small and large signal band- 
widths are now identical and are shown in Figure 15. 


FIGURE 22 — PROGRAMMABLE GAIN AMPLIFIER OR 
DIGITAL ATTENUATOR CIRCUIT 
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Panel Meter Readout 

The MCi506L can be used to read out the status of 
BCD or binary registers or counters in a digital control 
system. The current output can be used to drive directly 
an analog panel meter. External meter shunts may be 
necessary if a meter of less than 2.0 mA full scale is used. 
Full scale calibration can be done by adjusting R12 or Vref. 


FIGURE 23 — PANEL METER READOUT CIRCUIT 
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The best frequency response is obtained by not allowing 
142 to reach zero. Rg can be set for a+1.0 mA variation 
in relation to 149. 142 can never be negative. 

The output current is always unipolar. The quiescent 
de output current level changes with the digital word that 
makes ac coupling necessary. 


FIGURE 24 — DC COUPLED DIGITAL ATTENUATOR 
and DIGITAL SUBTRACTION 
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This digital subtraction application is useful for indi- 
cating when one digital word is approaching another in 
value. More information is available than with a digital 


comparator. 


Bipolar inputs can be accepted by using any of the 
previously described methods, or applied differentially to 
R124 and R129 or R134 and R132. Vg will be a bipolar 
signal defined by the above equation. Note that the circuit 
shown accepts bipolar differential signals but does not have 
a negative common-mode range. A very useful method is 
to connect R121 and R129 to a positive reference higher 
than the most positive input, and drive R134 and R139. 
This yields high input impedance, bipolar differential and 
common-mode range. The compensation depends on the 
input method used, as shown in previous sections. 
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FIGURE 25 — DIGITAL SUMMING and CHARACTER 
GENERATION 
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In a character generation system one MC1506L circuit uses a 
fixed reference voltage and its digital input defines the starting 
point for a stroke. The second converter circuit has a ramp input 
for the reference and its digital input defines the slope of the 
stroke. Note that this approach does not result in a 12-bit D-to-A 
converter (see Accuracy Section). 


FIGURE 27 — PROGRAMMABLE PULSE GENERATOR 
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Fast rise and fall times require the use of high speed switching 
transistors for the differential pair, Q4 and Q5 Linear ramps 
and sine waves may be generated by the appropriate reference 
Input 


FIGURE 29 — ANALOG DIVISION BY DIGITAL WORD 
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This circuit yields the inverse of a digital word scaled by a 
constant. For minimum error over the range of operation, Iq can 
be set at 62 wA so that 149 wil! have a maximum value of 3.938 mA 
for a digital bit input configuration of 111110. 

Compensation is necessary for loop stability and depends on 
the type of operational amplifier used. If a standard 1.0 MHz 
Operational amplifier 1s employed, it should be overcompensated 
when possible. If this cannot be done, the reference amplifier 
can furnish the dominant pole with extra Miller feedback from 
pin 14 to 13. If the MC1723 or another wideband ampilfter ts 
used, the refereace amplifier should always be overcompensated. 
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FIGURE 26 — PEAK DETECTING SAMPLE and HOLD 
(Features infinite hold time and optional digital output.) 
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Positive peaks may be detected by inserting a hex inverter between 
the counter and MC1506L, reversing the comparator inputs, and 
connecting the output amplifier for unipolar operation. 


FIGURE 28 — PROGRAMMABLE CONSTANT CURRENT SOURCE 
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Current pulses, ramps, staircases, and sine waves may be generated 
by the appropriate digital and reference inputs. This circuit ts 
especially useful tn curve tracer applications. 


FIGURE 30 — ANALOG QUOTIENT OF TWO 
DIGITAL WORDS 
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APPLICATIONS INFORMATION (continued) 


FIGURE 31 — ANALOG PRODUCT OF TWO DIGITAL WORDS 
(High-Speed Operation) 
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Two Digit BCD Conversion 


MC1506L parts which meet the specification for 7-bit 
accuracy can be used for the most significant word when 
building a two digit BCD D-to-A or A-to-D converter. If 
both outputs feed the virtual ground of an operational 
amplifier, 10:1 current scaling can be achieved with a 
resistive current divider. If current output is desired, the 
units may be operated at full scale current levels of 4.0 mA 
and 0.4 mA with the outputs connected to sum the currents. 
The error of the D-to-A converter handling the least sig- 
nificant bits will be scaled down by a factor of ten. 


FIGURE 32 — DIGITAL QUOTIENT of TWO ANALOG VARIABLES 
or ANALOG-TO-DIGITAL CONVERSION 
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Specifications and Applications 


lo, OUTPUT CURRENT (mA) 





Information 


EIGHT-BIT MULTIPLYING 
DIGITAL-TO-ANALOG CONVERTER 


. . . designed for use where the output current is a linear product 
of an eight-bit digital word and an analog input voltage. 


@ Ejight-Bit Accuracy Available in Both Temperature Ranges 


Relative Accuracy: +0.19% Error maximum 
(MC1408L8, MC1408P8, MC1508L8) - 


Seven and Six-Bit Accuracy Available with MC1408 Designated 
by 7 or 6 Suffix after Package Suffix 


Fast Settling Time — 300 ns typical 


@ Noninverting Digital Inputs are MTTL and 


CMOS Compatible 


© Output Voltage Swing — +0 4 V to -5.0V 
@ High-Speed Multiplying Input 


Slew Rate 4.0 mA/us 
Standard Supply Voltages +5.0V and 


MC1408 
MC1508 


EIGHT-BIT MULTIPLYING 
DIGITAL-TO-ANALOG 
CONVERTER 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


L SUFFIX 
CERAMIG PACKAGE 
CASE 620 16 


P SUFFIX 
PLASTIC PACKAGE 


-5.0Vto-15V CASE 648 


FIGURE 2 — BLOCK DIAGRAM 
FIGURE 1 — D-to-A TRANSFER CHARACTERISTICS 
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Current Switches 
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(00000000) (11911111) Seicurrans 


Source Pair 


INPUT DIGITAL WORD 


TYPICAL APPLICATIONS 


Tracking A-to-D Converters Audio Digitizing and Decoding 
Successive Approximation A-to-D Converters 
2 1/2 Digit Panel Meters and DVM's 


Waveform Synthesis 


Programmable Power Supplies 
Analog-Digita! Multiptication 
Digital-Digital Multiplication 
Sample and Hold Analog-Digital Division 

Digital Addition and Subtraction 


Speech Compression and Expansion 


Peak Detector 
Programmable Gain and Attenuation 
CRT Character Generation 


Stepping Motor Drive 
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MAXIMUM RATINGS (T, = +25°C unless otherwise noted.) 


Power Supply Voltage Vcc 
VEE 


Digital Input Voltage pe thru V492 


eT er ac 
Reference Amplifier Inputs ' tea 


-55 to +125 
Oto +75 


ELECTRICAL CHARACTERISTICS (Vcc = +5 0 Vdc, Veg = -15 Vie Ala 
MC1408L Series. Ta = 0 to +75°C unless otherwise noted. All digital inputs at high logic level.) 


Symbol 


Relative Accuracy (Error relative to full scale IQ) ai 
















MC1508 
MC1408 Series 






ref 
=20mA,MC1508L8 Ta = ~55°C to +1259C, 


i 










MC1508L8, MC1408L8, MC1408P8 
MC1408P7, MC1408L7, See Note 1 
MC1408P6, MC1408L6, See Note 1 


Settling Time to within +1/2 LSB[includes tp_y](Ta=+25~C)See Note 2 


Propagation Delay Time tPLH.tPHL 
Ta = +25°C 








Output Full Scale Current Drift 


| Min | tye 
el ee 
Boe be ee 
Vi 
eee 
oe 
Ne 
aca ee 
aa 






Digital Input Logic Levels (MSB) 
High Level, Logic '’1" 
Low Level, Logic ‘0’ 







Digital Input Current (MSB) 
High Level, Vip =50V 
Low Level, Vj_ = O8V 


Reference Input Bias Current (Pin 15) 


Output Current Range 
VeeE=-5.0V 
Veg = -15 V, Ta = 25°C 













Output Current 
Vref = 2 000 V, R14 = 1000 2 


Output Current 
(All bits low) 
Output Voltage Compliance (E, <0 19% at Ta = +25°C) int 





-0 55, +04 


Pin 1 grounded 
Pin 1 open, Veg below -10 V 


Reference Current Slew Rate 
Output Current Power Supply Sensitivity 


Power Supply Current 
{All bits low) 


Power Supply Voltage Range 
(Ta = +25°C) 













-50,+04 
SR lref 


noha 
= 


loc +135 +22 

lEE -75 -13 
VccR +45 +50 +55 Vde 
VEER -45 ~15 -16.5 


105 170 
190 305 
ies = 


Note 1. All current switches are tested to guarantee at least 50% of rated output current 
Note 2. All bits switched 


Power Dissipation 
All bits low 
Vege = -5 0 Vde 
Vee = -15 Vde ' 


All bits high 
Veg =-5 0 Vde 
Vee = -15 Vde 
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TEST CIRCUITS 
FIGURE 3 — NOTATION DEFINITIONS TEST CIRCUIT 













Typical Values RI4= RIS=1k 
Vret = +2 0V 
444 C= 15 pF Vand 1; apply to inputs A1 
14 «— Al4 thru A 
Vref (+) 8 


' A20 The resistor tied to pin 15 ts to temperature compensate the 
bias current and may not be necessary for all applications. 


Digital J A4O MC1408 Al A2 A3 = A4 A5 AG A7~ AB 
Inputs) ASO Series lok {+ Se Se i ee Se 
a6 of2] ~mc1508 Vo 2 4 8 116 32 64 128 256 
7 Outpus ref 
a where K = ——.- 
A8 R14 
_— 


+ 
> 
o 
3 
a 
> 
z 
el} 


“Tf An is at high level 
“O" if Aq is at low level 


> 
2 
" 


(See text for 
VEE values of C) 





FIGURE 4 — RELATIVE ACCURACY TEST CIRCUIT 
MSB 





12-Bit 
0-t0-A 
Converter 
(40 02% 
error max) 









Oto +10 V Output 


As 
AQ A10 A11 A12 





Error (1 V = 1%) 


MC1556 





MC1408 Series 
MC1508 













tPHL = tPLH S10 ns 


— Internal 
Clamp Level 


Use Ry to GND for 


turn off 
messurement (see text) 





F SETTLING TIME 
‘a ®o for Figure 6 








MC 1408 


Series For settling time 






e, tg= 300 ns typical 








MC1508 measurement 
e (All bits switched to+1/2 LSB 
be low to high) 
Co S25 pF 
TRANSIENT? a, eon 
RESPONSE pin4ta GND 
= -100 
pee Vee * mv Bei 
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TEST CIRCUITS (continued) 


FIGURE 6 — REFERENCE CURRENT SLEW 
RATE MEASUREMENT 












i?) 
dt t dv 10% 
—~-=—— ” |\90% 
dt Ry dt 2.0 mA 
Slewing 
Time 
FIGURE 7 — POSITIVE Vret 
Vec 
R14=R15 : 
Al 
A20 (4) Veg¢ oe 


MC 1408 
Series 
MC 1508 


Vee 


FIGURE 8 — NEGATIVE Vref 
Vec 


R14= R15 


R14 






See text for values of C 


VEE 
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FIGURE 9 — MC1408, MC1508 SERIES EQUIVALENT 
CIRCUIT SCHEMATIC 


DIGITAL INPUTS 










6QA2 79QA3 


elle 


B8OA4 9 





REFERENCE 
CURRENT 
AMPLIFIER 


fedlraalidlclam 


LSB 
110A7 





LAODER 


CIRCUIT 


02 
COMPENSATION ~— Vreg(-) Vee OUTPUT GND 
RANGE 
. CONTROL 
CIRCUIT DESCRIPTION 


The MC1408 consists of a reference current amplifier, an 
R-2R ladder, and eight high-speed current switches For many 
applications, only a reference resistor and reference voltage need 
be added 

The switches are noninverting in operation, therefore a high 
state on the input turns on the specified output current component 
The switch uses current steering for high speed, and a termination 
amplifier consisting of an active load gain stage with unity gain 
feedback The termination amplifier holds the parasitic capacitance 
of the ladder at a constant voltage during switching, and provides 
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a low impedance termination of equal voltage for all legs of 
the ladder. 

The R-2R ladder divides the reference amplifier current into 
binarily-related components, which are fed to the switches Note 
that there is always a remainder current which ts equal to the 
least significant bit. This current 1s shunted to ground, and the 
maximum output current ts 255/256 of the reference amplifier 
current, or 1992 mA for a 2.0 mA refererce amplifier current 
if the NPN current source pair is perfectly matched. 
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GENERAL INFORMATION 


Reference Amplifier Drive and Compensation 


The reference amplifier provides a voltage at pin 14 for con- 
verting the reference voltage to a current, and a turn-around circuit 
or current mirror for feeding the ladder The reference amplifier 
input current, 114, must always flow into pin 14 regardless of the 
setup method or reference voltage polarity. 

Connections for apositive reference voltage are shown in Figure 
7. The reference voltage source supplies the full current 114. For 
bipolar reference signals, as in the multiplying mode, R15 can be 
tiled to a negative voltage corresponding to the minimum input 
level. It 1s possible to eliminate R15 with only a small sacrifice 
in accuracy and temperature drift. Another method for bipolar 
inputs is shown in Figure 25. 

The compensation capacitor value must be increased with in- 
creases in R14 to maintain proper phase margin, for R14 values 
of 1.0, 2.5 and 5.0 kilohms, minimum capacitor values are 15, 
37, and 75 pF. The capacitor should be tied to Veg as this in- 
creases negative supply rejection. ‘ 

A negative reference voltage may be used if R14 is grounded 
and the reference voltage is applied to R15 as shown in Figure 8. 
A high input impedance ts the main advantage of this method. 
Compensation involves a capacitor to VEE on pin 16, using the 
values of the previous paragraph. The negative reference voltage 
must be at least 3 O-volts above the Veg supply Brpolar input 
stgnals may be handled by connecting R14 to a positive reference 
voltage equal to the peak positive input fevel at pin 15. 

When adc reference voltage is used, capacitive bypass to ground 
is recommended. The 5.0-V logic supply is not recommended as 
a reference voltage. If a well regulated 5 0-V supply which drives 
logic 1s to be used as the reference, R14 should be decoupled by 
connecting it to +S 0 V through another resistor and bypassing 
the junction of the two resistors with 01 uF to ground. For 
reference voltages greater than 50 V, a clamp diode Is recommen- 
ded between pin 14 and ground. 

If pin 14 1s driven by a high tmpedance such as a transistor 
current source, none of the above compensation methods apply 
and the amplifier must be heavily compensated, decreasing the 
overall bandwidth. 


Output Voltage Range 


The voltage on pin 4 is restricted to a range of -0.55 to +0.4 
volts at +25°C, due to the current switching methods employed 
in the MC1408. When a current switch is turned “off’’, the posi- 
tive voltage on the output terminal can turn ‘‘on” the output 
diode and increase the output current level When a current switch 
is turned “on’, the negative output voltage range ts restricted 
The base of the termination circuit Darlington transistor is one 
diode voltage below ground when pin 1 1s grounded, so a negative 
voltage below the specified safe level will drive the low current 
device of the Darlington into saturation, decreasing the output 
current level 

The negative output voltage compliance of the MC1408 may 
be extended to -5 0 V volts by opening the circuit at pin 1. The 
negative supply voltage must be more negative than -10 voits 
Using a full scale current of 1.992 mA and load resistor of 2.5 
kilohms between pin 4 and ground will yield a voltage output 
of 256 levels between O and -4.980 volts. Floating pin 1 does 
not affect the converter speed or power dissipation However, the 
value of the load resistor determines the switching time due to 
increased voltage swing. Values of Ri up to 500 ohms do not sig- 
nificantly affect performance, but a 2.5-kilohm load increases 
“worst case’ settling time to 1 2 us (when all bits are switched on) 


Refer to the subsequent text section on Settling Time for more 
details on output loading 

If a power supply value between -5.0 V and -10 V 1s desired, 
a voltage of between 0 and -5.0 V may be applied to pin 1. The 
value of this voltage will be the maximum allowable negative out- 
put swing 


Output Current Range 


The output current maximum rating of 42 mA may be used 
only for negative supply voltages typically more negative than 
-8.0 volts, due to the increased voltage drop across the 350-ohm 
resistors in the reference current amplifier, 


Accuracy 


Absolute accuracy ts the measure of each output current level 
with respect to its intended value, and is dependent upon relative 
accuracy and full scale current drift Relative accuracy 1s the 
measure of each output current level as a fraction of the full scale 
current. The relative accuracy of the MC1408 1s essentially 
constant with temperature due to the excellent temperature track- 
ing of the monolithic resistor ladder The reference current may 
drift with temperature, causing a change in the absolute accuracy 
of output current. However, the MC1408 has a very luw full 
scale current drift with temperature. 

The MC1408/MC1508 Series is guaranteed accurate to with- 
in +1/2 LSB at +25°C at a full scale output current of 1.992 mA 
This corresponds to a reference amplifier output current drive to 
the ladder network of 2.0 mA, with the loss of one LSB =8QuA 
which 1s the ladder remainder shunted to ground. The input current 
to pin 14 has a guaranteed value of between 1.9 and 21 mA, 
allowing some mismatch in the NPN current source pair. The 
accuracy test circuit is shown in Figure 4 The 12-bit converter 
is calibrated for a full scale output current of 1992 mA This ts 
an optional step since the MC1408 accuracy is essentially the 
same between 1.5 and 2.5 mA. Then the MC1408 circuits’ full 
scale current is trimmed to the same vaiue with R14 so that a zero 
value appears at the error amplifier output The counter ts activated 
and the error band may be displayed on an oscilloscope, detected 
by comparators, or stored in a peak detector. 

Two 8-bit D-to-A converters may not be used to construct a 
16-bit accurate D-to-A converter. 16-bit accuracy implies a total 
error of +1/2 of one part in 65, 536, or +0 00076%, which 1s much 
more accurate than the +0.19% specification provided by the 
MC1408x8, 


Multiplying Accuracy 


The MC1408 may be used in the multiplying mode with 
eight-bit accuracy when the reference current Is varied over a range 
of 256 1 The major source of error is the bias current of the 
termination amplifier Under ‘‘worst case’”’ conditions, these eight 
amplifiers can contribute a total of 16 wA extra current at the 
output terminal If the reference current in the multiplying mode 
ranges from 16 HA to 4.0 mA, the 16 uA contributes an error 
of 0.1 LSB. This is well within eight-bit accuracy referenced to 
4.0mA. 

A monotonic converter 1s one which supplies an increase in 
current for each increment in the binary word Typically, the 
MC1408 is monotonic for alt values of reference current above 
O5SmA Therecommended range for operation with a dc reference 
current isO5to40mA. 
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GENERAL INFORMATION (Continued) 


Settling Time 


The ‘‘worst case’ switching condition occurs when all bits are 
switched “‘on’’, which corresponds to a low-to-high transition for 
all bits This time is typically 300 ns for settling to within +1/2 
LSB, for 8-bit accuracy, and 200 ns to 1/2 LSB for 7 and 6-bit 
accuracy. The turn off ts typtcally under 100 ns. These times 
apply when Ry <500 ohms and Co S25 pF. 

The slowest single switch 1s the least significant bit, which turns 
“on’’ and settles in 250 ns and turns ‘off’ in 80 ns_ tn applica- 
tions where the D-to-A converter functions in a positive-going 
ramp mode, the ‘worst case” switching condition does not occur, 
and a settling time of less than 300 ns may be realized. Bit A7 
turns “on” in 200 ns and “off in 80 ns, while bit A6 turns “on” 
in 150 ns and “off'’ in 80 ns 


The test circuit of Figure 5 requires a smaller voltage swing for 
the current switches due to internal voltage clamping in the MC- 
1408. A 1.0-kilohm load resistor from pin 4 to ground gives 
a typical settling time of 400 ns. Thus, it is voltage swing and not 
the output RC time constant that determines settling time for 
most applications 

Extra care must be taken in board layout since this 1s usually 
the dominant factor in satisfactory test results when measuring 
settling time Short leads, 100 uF supply bypassing for tow fre- 
quencies, and minimum scope lead length are all mandatory. 


TYPICAL CHARACTERISTICS 
(Voc = +5 0 V, Veg =-15 V, Ta = +25°C unless otherwise noted ) 


FIGURE 10 — LOGIC INPUT CURRENT versus INPUT VOLTAGE 


1), INPUT CURRENT (mA) 





| 
4 
—t 
A4 A8 


Vy, LOG! 


aw 
=a 


INPUT VOLTAGE (Vdc) 


FIGURE 12 — OUTPUT CURRENT versus OUTPUT VOLTAGE 
(See text for pin 1 restrictions) 


tg, OUTPUT CURRENT (mA) 





Vo, OUTPUT VOLTAGE, PIN 4 (Vdc) 


FIGURE 11 — TRANSFER CHARACTERISTIC versus TEMPERATURE 
{A5 thru A8 thresholds lie within range for A1 thru A4) 





























io, GUTPUT CURRENT (mA) 




















V1, LOGIC INPUT VOLTAGE (Vdc) 


FIGURE 13 —- OUTPUT VOLTAGE versus TEMPERATURE 
(Negative range with pin 1 open ts -5.0 Vde over full temperature range) 


for 8 bit Accuracy 
GW 1 Wii Oe 


Vo, OUTPUT VOLTAGE, PIN 4 (Vdc) 





T, TEMPERATURE (°C) 
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TYPICAL CHARACTERISTICS (continued) 
(Voc = +5.0 V, Veg = -15 V, Ta = +25°C unless otherwise noted.) 


FIGURE 14 ~ REFERENCE INPUT FREQUENCY RESPONSE 


PTT TPT TT 
LET TT VT 
ET TT AA eT 

ee 

PT TA AHA 

; 
; 
N 
l 


+80 
+60 
+4.0 
20 












+ 


oc 


peat 
|_| 
fel 

f 
a a 
= \ 
= 
= 
zi 


RELATIVE OUTPUT (dB) 
' ! ns 
°o 


A 

HUTT TT NATTA 
TINA 

LUI TVA ENT 


f, FREQUENCY (MHz) 





a 

i 

PTT 
Hoppe SAH ! 
Lt 

| 





I 
0 


1 


= 
o 


Unless otherwise specified 


R14=R15=10k2 
C= 15 pF, pin 16 to Veg 


Method of Figure 25 (no op-ampl, Ry = 50 2) 
Rs = 502 


ee a a 
Curve A Large Signal Bandwidth = 
Method of Figure 7 = 

= GND Poa 

Vref = 20 V(p p) offset 10 V above 3 | | 

> ee! ams ee ee 
Curve B- Small Signal Bandwidth = 
Method of Figure? Ry = 2502 2 

Vref = 50 mV(p p) offset 200 mV above GND a ie oe ae 
= 

CurveC Large and Small Signal Bandwidth = | | —+—+ =a 

iE as a 


Vref = 2.0V 
Vs = 100 mV(p p) centered at 0 V 


POWER SUPPLY CURRENT (mA) 


FIGURE 15 — TYPICAL POWER SUPPLY CURRENT 
versus TEMPERATURE {all bits tow) 


_ 


i 





FIGURE 16 — TYPICAL POWER SUPPLY CURRENT 
versus Veg (all bits tow) 





0 -20 -40 -60 -80 -10 -12 -14 -16 -18 -20 
Veg, NEGATIVE POWER SUPPLY (Vdc) 


APPLICATIONS INFORMATION 
FIGURE 17 — OUTPUT CURRENT TO VOLTAGE CONVERSION 


Vret ™20 Va 
RI4™R15 =1O0kL2 
Ry #5 0k 






Theoretical Vo 





MSB At 

A2 Vret Al A2 A3 Aa AS A6 Al A8 
Vo =— (Roll— + — + — + — $+ — +e +t t 

A3 R14 2 4 8 16 32 64 128 256 

a4 Adjust Veet, R14 or Ro so that Vo with all digital inputs at high 

AS tevel is equal to 9 961 volts e 

A6 2Vv 1 1 1 4 4 4 1 1 
Voze— (Sk) Jot o—t—-to—t—- t+t— + —— + 

a? Oran! (; atatie tia *Ga* tae * 256 





MC1741SG 
or Equiv 


pF @VEE 
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APPLICATIONS INFORMATION (continued) 


Voltage outputs of a larger magnitude are obtainable with this 
circuit which uses an external operational amplifier as a current 
to voltage converter. This configuration automatically keeps the 
output of the MC1408 at ground potential and the operational 
amplifier can generate a positive voltage limited only by its positive 
supply voltage. Frequency response and settling time are primarily 
determined by the characteristics of the operational amplifier. In 
addition, the operational amplifier must be compensated for unity 
gain, and in some cases overcompensation may be desirable. 

Note that this configuration results in a positive output voltage 
only, the magnitude of which ts dependent on the digital input. 

The following circuit shows how the LM301AG can be used 
in a feedforward mode resulting in a full scale settling time on 
the order of 2 Ows. 


FIGURE 18 


65 pF 


(To pina 
of MC1508L8) 





An alternative method ts to use the MC1539G and input com- 
pensation. Response of this circuit is also on the order of 2.0 us. 


FIGURE 19 


{To pin 4 
of MC1508L8) 


240 





02 uF 


rs -15V 


R47 


The positive voltage range may be extended by cascading the 
output with a high beta common base transistor, Q1, as shown. 


FIGURE 20 — EXTENDING POSITIVE 
VOLTAGE RANGE 


(Resistor and 
diode optional, 
see text) 





The output voltage range for this circuit is 0 volts to BVcgO 
of the transistor. If pin 1 1s left open, the transistor base may be 
grounded, eliminating both the resistor and the diode. Variations 
in beta must be considered for wide temperature range applica- 
tions. An inverted output waveform may be obtained by using a 
load resistor from a positive reference voltage to the collector of 
the transistor. Also, high-speed operation is possible with a large 
Output voltage swing, because pin 4 1s held at a constant voltage. 
The resistor (R) to VEE maintains the transistor emitter voltage 
when ail bits are “off” and insures fast turn-on of the least 
significant bit. 


Combined Output Amplifier and Voltage Reference 


For many of its applications the MC1408 requires a reference 
voltage and an operationa! amplifier. Normally the operational 
amplifier is used as a current to voltage converter and its output 
need only go positive. With the popular MC1723G voltage regula- 
tor both of these functions are provided in a single package with 
the added bonus of up to 150 mA of output current. See Figure 
21. The MC1723G uses both a positive and negative power supply. 
The reference voltage of the MC1723G is then developed with 
respect to the negative voltage and appears as a common-mode 
signal to the reference amplifier in the D-to-A converter This 
allows use of its output amplifier as a classic current-to-voltage 
converter with the non-inverting tnput grounded 

Since +15 V and +5.0 V are normally available tn a combina- 
tion digital-to-analog system, only the -5 0 V need be developed. 
A resistor divider ts sufficiently accurate since the allowable range 
on pin § 1s from -2 0 to -8.0 volts. The 50 kilohm pulldown 
resistor on the amplifier output is necessary for fast negative 
transitions. 

Full scale output may be increased to as much as 32 volts by 
increasing Ro and raising the +15 V supply voltage to 35 V maxt- 
mum. The resistor divider should be altered to comply with the 
maximum limit of 40 volts across the MC1723G. Co may be 
decreased to maintain the same RQCo product if maximum speed 
is desired. 
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APPLICATIONS INFORMATION (continued) 


Programmable Power Supply . FIGURE 22 — BIPOLAR OR NEGATIVE OUTPUT 
The circuit of Figure 21 can be used as a digitally programmed VOLTAGE CIRCUIT 

power supply by the addition of thumbwheel switches and a BCD- ; 

to-binary converter The output voltage can be scaled in several 

ways, including 0 to +25.5 volts in 0.1-volt increments, +0.05 volt, 

or 0 to 5.1 volts in 20 mV increments, +10 mV. 


FIGURE 21 — COMBINED OUTPUT AMPLIFIER and 
VOLTAGE REFERENCE CIRCUIT 


MC1408 Series 
MC1508 


Ro 5k 





-15V R15 = R14 
VEE 
Vo 
5k 
MC1408 Series v Al A2 A3 Ad AS AG AT as] v 
MC1508 Vo = at Ro) + ee ee SS] ef ig) 
R14 2 4 8 16 32 64 128 256] Rp 


+15 V 


FIGURE 23 — BIPOLAR OR INVERTED NEGATIVE 
OUTPUT VOLTAGE CIRCUIT 











Vee -15V 


R 
Vo ~ Veer <= {A} 


Settling time for a 10 volt step = 104s 


MC1408 Series 
MC1508 


MC1741G 


or Equiv Vo 


For A = 00000000 
bit configuration 


Vo* -Vref 
For a+5 O volt output range 
Veet = -5 00 volts 


-15V R14 = R15 = 25k 
Me 5V -Vret C = 37 pF (min) 
is _ Ro =5kN 
Bipolar or Negative Output Voltage 


The circuit of Figure 22 1s a variation from the standard volt- 
age output circuit and will produce bipotar output signals. A Decrease Ro to 2 5 k22 for a0 to -5 O-volt output range 
Positive current may be sourced into the summing node to offset This application provides somewhat lower speed, as previously 
the output voltage in the negative direction For example, if discussed in the Output Voltage Range section of the General 
approximately 1.0 mA is used a bipolar output signal results which Information 
may be described as a 8-bit ‘1’s’’ complement offset binary Vye¢ 
may be used as this auxiliary reference Note that Ro has been 
doubled to 10 kilohms because of the anticipated 20 Vip-p) 
output range 
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APPLICATIONS INFORMATION (continued) 


Polarity Switching Circuit, 8-Bit Magnitude 
Plus Sign D-to-A Converter 


Bipolar outputs may also be obtained by using a polarity switch- 
ing circuit. The circuit of Figure 24 gives 8-bit magnitude plus 
asign bit. In this configuration the operationa! amplifier 1s switched 
between a gain of +1.0 and -1.0. Although another operational 
amplifier 1s required, no more space is taken when a dual operational 
amplifier such as the MC1558G is used. The tranststor should be 
selected for a very low saturation voltage and resistance. 


FIGURE 24 — POLARITY SWITCHING CIRCUIT 
(8-Bit Magnitude Plus Sign D-to-A Converter) 







Vo= VoP — VoP 


1/2 MC 1558G 
or Equiv 


Polarity 
Control Bit 


Programmable Gain Amplifier or Digital Attenuator 


When used in the multiplying mode the MC1408 can be 
applied as a digital attenuator. See Figure 25. One advantage of 
this technique 1s that if Rg = 50 ohms, no compensation capacitor 
is needed The small and large signal bandwidths are now identical 
and are shown tn Figure 14. 


The best frequency response is obtained by not allowing !14 
to reach zero. However, the high impedance node, pin 16, is 
clamped to prevent saturation and insure fast recovery when the 
current through R14 goes to zero. Rg can be set for a+1.0 mA 
vartatron inrelation tol,4 144 can never be negative. 

The output current is always unipolar. The quiescent dc output 
current level changes with the digital word which makes ac coupling 
necessary. 


FIGURE 25 — PROGRAMMABLE GAIN AMPLIFIER OR 
DIGITAL ATTENUATOR CIRCUIT 
Vs 


Vret 






When Vg =0 1147 20MA 
R14 


Vo= Vret + 3] {4} Ro 


Co 


Vo 


Panel Meter Readout 


The MC1408 can be used to read out the status of BCD or 
binary registers Or counters in a digital control system The current 
output can be used to drive directly an analog panel meter Ex- 
ternal meter shunts may be necessary if a meter of less than 20 
MA full scale is used Full scale calibration can be done by adjust- 
ing R14 or Vref 


FIGURE 26 — PANEL METER READOUT CIRCUIT 


Digital Word From Counter or Register 


MSB —_—_—_——_ LsB 





MC1408 Series 
MC1508 






Observe internal meter 
resistance (for pin 4 
voltage swing) 


FIGURE 27 — DC COUPLED DIGITAL ATTENUATOR 
and DIGITAL SUBTRACTION 


Vee Vcc 





Vref 2 MC1741G 


MC1408 Series or Equiv 
MC1508 









MC1408 Series 
MC1508 







MC1741G 








or Equiv 
Vee Vec 
Vref 1 Vret 2 'o2>-!B 
lozto1-lo2=——— {4} - {8} 3 
Ria, R14 Iptlg-lo4 
Digital Subtraction Programmable Amplifier 


I A=B 
Veet 4 7 Vref 2 Connect Digital Inputs so 


Ria, R145 


Let 





Vv Vv 
vo= “tt nol fa} ~ {} | [vor {a} [Yet - Let2 
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APPLICATIONS INFORMATION (continued) 


This digital subtraction application is useful for indicating when 
one digital word 1s approaching another in value More information 
is available than with a digital comparator. 

Bipolar inputs can be accepted by using any of the previously 
described methods, or applied differentially to R144 and R149 
or R151, and R153 Vo will be a bipolar signal defined by the 
above equation Note that the circuit shown accepts bipolar differ- 
ential signals but does not have a negative common-mode range. 
A very useful method ts to connect R144 and R149 toa positive 
reference higher than the most positive input, and drive R154 and 
R152 Thrs ytelds high input impedance, bipolar differential and 
common-mode range 


FIGURE 28 — DIGITAL SUMMING and CHARACTER GENERATION 


MC 1408 Series 0 


MC1508 
444 
© 
MC1408 Series o 


MC1508 





Vo=lo1t!to2) Ro 


Vv Vv 
Visi [est {a} « Yeet2 
Rl49 


{3} ro 


R14, 





tn a character generation system one MC1408 circuit uses a 
fixed reference voltage and its digital input defines the starting 
point for astroke The second converter circuit has a ramp input 
for the reference and its digital input defines the slope of the 
stroke Note that this approach does not result in a 16-bit D-to-A 
converter (see Accuracy Section). 


FIGURE 29,— POSITIVE PEAK DETECTING SAMPLE and HOLD 
(Features indefinite hold time and optional digital output.) 


Clock Detect/Hold 


Reset 





Comparator 
Positive 
Vin 







MC1408 Series 


Vo MC1508 


Op Ampi ‘ 








FIGURE 30 — NEGATIVE PEAK DETECTING 
SAMPLE AND HOLD 

















Negative 
(~) 
Vin 


Comparator 


MC1408 Series 
MC1508 






V0 6 (load sensittve) 

(=) \ 6 
VO(max) Bae 14 Bin 
Vo(max) = 9 to -5 O volts u 


FIGURE 31 — PROGRAMMABLE PULSE GENERATION 


20 mA 
{Fu Scale 


Switch! 
MC1408 Series eae ae 
MC1508 
TL 
Oto *OVoOIt 


in4OmvV steps 


Fast rise and fall times require the use of high-speed switching 
transistors for the differential pair, Q4 and Q5_ Linear ramps and 
sine waves may be generated by the appropriate reference input 


FIGURE 32 — PROGRAMMABLE CONSTANT CURRENT SOURCE 


+65 OV (min) 


MC1408 Series 
MC1508 


Ro = 6162 (100 k2) 
@1g=10mA 


-18V +50 V 


*The base of Q2 must be at least 
4V below supply voltage 


Current pulses, ramps, staircases, and sine waves may be genera- 
ted by the appropriate digital and reference inputs This circuit is 
especially useful in curve tracer applications. 
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MC1408, MC1508 


APPLICATIONS INFORMATION (continued) 


FIGURE 33 — ANALOG DIVISION BY DIGITAL WORD FIGURE 34 — ANALOG QUOTIENT OF TWO DIGITAL WORDS 


'ou 


Vretit) Ro 








MC1408 Series MC1408 Series 
z MC1508 MC1508 
! 
oe Viggen 
VEE {4} 
Veet 
This circuit yields the inverse of a digital word scaled by a 102" Aap {e} 
constant. For minimum error over the range of operation, Iq can ; #R14,= R42 


be set at 16 uA so that !44 will have a maximum value of 3.984 
mA for a digital bit input configuration of 0000000. 

Compensation is necessary for loop stability and depends on 
the type of operational amplifier used If a standard 1.0 MHz 
operational amplifier is employed, it should be overcompensated 
when possible. If the MC1733, MC1520 or any other wideband 
amplifier are used, the reference amplifier should always be 
overcompensated. 





FIGURE 35 — ANALOG PRODUCT OF TWO DIGITAL WORDS 
(High-Speed Operation) 


MC1408 Series MC1408 Series 
MC1508 MC1508 





v 
Vo<cpd Ro= {at Ro 





R14, 
Bt |Vol {e} v 
ieo* Ol. Ro f= {at 
R145 R149 R144 
v 
Since Ro = R149 and K = —"2F 
R144 


loa=kK ja} {et K can be an analog variable 
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MC1408, MC 1508 


APPLICATIONS INFORMATION (continued) 


FIGURE 36 — TWO-DIGIT BCD CONVERSION 









MC1741 





use | mc1408L7 orEquiy 
: Mc1408P7 
Most Significant 
BCD Word 
18k 
MSB 05% 
Veet 
LsB 
200 05% 
Least Significant A 
BCD Word 
M 
Vee 
Two 8-bit, D-to-A converters can be used to build a two digit 4.0 mA and 0 4mA with the outputs connected to sum the currents. 
BCD D-to-A or A-to-D converter. If both outputs feed the virtual The error of the D-to-A converter handling the least significant 
ground of an operational amplifier, 10 1 current scaling can be bits will be scaled down by a factor of ten and thus an MC1408L6 
achieved with a resistive current divider. If current output is de- may be used for the least significant word 


sired, the units may be operated at full scale current levels of 


FIGURE 37 — DIGITAL QUOTIENT OF TWO ANALOG VARIABLES 
or ANALOG-TO-DIGITAL CONVERSION 


Clock Reset 


8-Bit Binary 
Counter 


Vref 


MC1408 Series 
MC1508 


The circuit shown Is a semple counter- MSB 

ramp converter An UP/DOWN counter = = ors” 

and dual threshold comparator can be : Cc 

used to provide faster operation and con- 

tinuous conversion = Vin/Ro 
Vref/R14 
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(AA) MOTOROLA 
MC3408 


LOW-COST EIGHT-BIT MULTIPLYING EIGHT-BIT MULTIPLYING 


DIGITAL-TO-ANALOG CONVERTER DIGITAL-TO-ANALOG 
CONVERTER 


. . . designed for use where the output current is a linear product 


of an eight-bit digital word and an analog input voltage. SILICON MONOLITHIC 
INTEGRATED CIRCUIT 
Relative Accuracy: 0.5% Error Maximum 


Low Price Allows Use of a D/A in Many New Applications 
Monotonicity Guaranteed to 8 Bits 


Fast Settling Time — 300 ns typical : (top wew) 


Noninverting Digital Inputs are MTTL and 
CMOS Compatible 


Output Voltage Swing — +0.4 V to -5.0 V 
High-Speed Multiplying Input 
Stew Rate 4.0 mA/us 
L SUFFIX 


Standard Supply Voltages +5.0 V and CERAMIC PACKAGE 
-5.0V to-15 V CASE 620 


16 


FIGURE 2 — BLOCK DIAGRAM 
FIGURE 1 — D-to-A TRANSFER CHARACTERISTICS 


Current Switches 


R 2R Ladder 


Reference 
Current 
Amplifier 


< 
E 
| 
2 
Ww 
ra 
cc 
) 
7) 
er 
2 
a 
kK 
> 
re) 
2 


VEEO3 
(00000000) (41111111) ee” 
INPUT DIGITAL WORD NPN Current 


Source Pair 


TYPICAL APPLICATIONS 


Tracking A-to-D Converters Audio Digitizing and Decoding 


Successive Approximation A-to-D Converters Programmable Power Supplies 
2 1/2 Digit Panel Meters and DVM’s 


Waveform Synthesis 


Anatog-Digital Multiplication 
Digital-Digital Multiplication 
Analog-Digital Division 

Digital Addition and Subtraction 
Speech Compression and Expansion 
Stepping Motor Drive 


Sample and Hold 

Peak Detector 

Programmable Gain and Attenuation 
CRT Character Generation 
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MC3408 


MAXIMUM RATINGS (Tz, = +25°C unless otherwise noted } 


VEE -16 5 
[posted oumuverwee OYE 
cc a 
[Oowsing Abas Tenoeoiwe ame Ta PT 


Storage Temperature Range -65 to +150 
[Junction Temperwre SSCS id 


ELECTRICAL CHARACTERISTICS (Vcc = +5 0 Vdc, Veg = -15 Vdc, a = 2.0mA, Ta = 0 to +70°C unless otherwise noted. 


All digital inputs at high logic level.) 


Characteristic 
Relative Accuracy (Error relative to full scale 1Q) Note 1 


Monotonicity 
See Multiplying Accuracy on Page 6 


Settling Time to within +0.5% of Full Scale [includes tp_y] 
(Ta =+25°C) See Note 2 












Propagation Delay Time 

Tp = +25°C 
Output Full Scafe Current Drift 
Digital Input Logic Levels (MSB) 


High Level, Logic ‘1°’ 
Low Level, Logic ‘0’ 


Digital Input Current (MSB) 


High Level, Viz =5.0V 
Low Level, Vi_ = O8 V 


Reference Input Bias Current (Pin 15) 


Output Current Range 
VeeE=-5.0V 
VEE = -15 V (Ta = 25°C) 


Output Current 
Vref = 2000 V, R14 = 1000 2 


Output Current 
(All bits low) 


Output Voltage Compliance (E, < 0 5% at Ta = +25°C) 
Pin 1 grounded 
Pin 1 open, Veg below -10 V 


Power Supply Current 
(All bits tow) 


Power Supply Voltage Range 
(Ta = +25°C) 


Power Consumption 
All bits low 
Veg = -5 0 Vde 
VEE =-15 Vde 
All bits high 


Veg = -5.0 Vde 
Vee = -15 Vde 





Note 1. For devices with greater accuracy, see MC 1508 Series data sheet. 
Note 2. All bits switched 
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MC3408 


TEST CIRCUITS 
FIGURE 3 — NOTATION DEFINITIONS TEST CIRCUIT 









Typical Values A14= RIS= 1k 
Veet = +20V 
‘44 C= 15 oF Vy and | apply to inputs A1 
14 @— A14 thru A8& 
O . 


Vret (+) 
= The resistor tied to pin 15 1s to temperature compensate the 





A20 
A30 bias current and may not be necessary for all applications 
Digital ASO Al A2 A3 A& AS AB AT 2B 
inputs ) A5O low kK f{ — + + See ie ee Se 
AGO Vo 2 4 8 16 32 64 128 256 
Output 
ATO where K = —@f 
ABO R14 
—_— 
+t, and Ay = ‘1 if Ay ts at high level 


An = “0" if Ag ts at low level 


(See text for 
Vee vatues of C) 







FIGURE 4 — RELATIVE ACCURACY TEST CIRCUIT 
MSB 





12 Bit 
0-t0-A 
Converter 
{+0 02% 
error max) 





Oto +10 V Output 









Ag 
AI A10 Alt Ai2 





Error (1 V = 1%) 


MC3408 









Benes FET 
eames BE 
; ; 













tPHL * tPLH S10 n8 


— Internat 
Clamp Levei 


Use R, to GNO for 


turn off 
measurement (see text). 





ue SETTLING TIME 
a # @o for Figure 5 









i?) 
For settling time 
°O (neasurement tg= 300 ns typical 
e (All bits switched to +0 5% of Full Scale 
m jow to high) 
Co S25 pF 
TRANSIENT? RL = 502 
co RESPONSE pin 4 to GNO 

= = ~100 
. m VEE mv ited 
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MC3408 


TEST CIRCUITS (continued) 


FIGURE 6 — REFERENCE CURRENT SLEW 
RATE MEASUREMENT 
Vee : 


aay 





10% 0 
dl (av 
-"*-—- — 90% 
at AL at —— 20ma 
—_——— 
Slewing 
Time 


FIGURE 7 — POSITIVE Vyet 


Voc 





R14 = R15 








(4) Veet Soe 






MC3408 


See text for values of C 


Vee 


FIGURE 8 — NEGATIVE Veet 


Vee 






R14=R15 


ATO 

A20 

A3Z0 (-) Veet 
= 


See text for values of C 


VEE 
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MC3408 


FIGURE 9 — MC3408 EQUIVALENT 
CIRCUIT SCHEMATIC 
DIGITAL INPUTS 


MSB 





REFERENCE 
CURRENT 
AMPLIFIER 


LADDER 









CIRCUIT 





Vee OUTPUT GNO 
RANGE 
CONTROL 


CIRCUIT DESCRIPTION 


The MC3408 consists of a reference current amplifier, an 
R-2R sadder, and eight high-speed current switches For many 
applications, only a reference resistor and reference voltage need 
be added 

The switches are noninverting in operation, therefore a high 
state on the input turns on the specified output current component 
The switch uses current steering for high speed, and a termination 
amplifier consisting of an active load gain stage with unity gain 
feedback. The termination amplifier holds the parasitic capacitance 
of the ladder at a constant voltage during switching, and provides 
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a low impedance termination of equal voltage for all legs of 
the laddez. 

The R-2R ladder divides the reference amplifier current into 
binartly-related components, which are fed to the switches Note 
that there is always a remainder current which is equal to the 
least significant bit This current is shunted to ground, and the 
maximum output current ts 255/256 of the reference amplifier 
current, or 1992 mA for a 20 MA reference amplifier current 
if the NPN current source pair is perfectly matched 








MC3408 


GENERAL INFORMATION 


Reference Amplifier Drive and Compensation 


The reference amplifier provides a voltage at pin 14 for con- 
verting the reference voltage to a current, and a turn-around circuit 
or current mirror for feeding the ladder. The reference amplifier 
input current, 114, must always flow into pin 14 regardless of the 
setup method or reference voltage polarity m 

Connections for a positive reference voltage are shown in Figure 
7. The reference voltage source supplies the full current !14 For 
bipolar reference signals, as in the multiplying mode, R15 can be 
tied to a negative voltage corresponding to the minimum input 
level. It is possible to eliminate R15 with only a small sacrifice 
In accuracy and temperature drift. 

The compensation capacitor value must be increased with tn- 
creases in R14 to maintain proper phase margin, for R14 values 
of 1.0, 2.5 and 5.0 kilohms, minimum capacitor values are 15, 
37, and 75 pF. The capacitor should be tied to Veg as this 
increases negative supply rejection. 

A negative reference voltage may be' used if R14 is grounded 
and the reference voltage is applied to R15 as shown tn Figure 8. 
A high input impedance is the main advantage of this method. 
Compensation involves a capacitor to VEE on pin 16, using the 
values of the previous paragraph. The negative reference voltage 
must be at least 3.0-volts above the Veg supply Bipolar input 
signals may be handled by connecting R14 to a positive reference 
voltage equal to the peak positive input level at pin 15. 

When adc reference voltage is used, capacitive bypass to ground 
is recommended. The 5.0-V logic supply is not recommended as 
a reference voltage. If a well regulated 5.0-V supply which drives 
logic 1s to be used as the reference, R14 should be decoupled by 
connecting it to +5.0 V through another resistor and bypassing 
the junction of the two resistors with 01 wF to ground. For 
reference voltages greater than 5.0 V, a clamp diode 1s recommen- 
ded between pin 14 and ground 

If pin 14 1s driven by a high tmpedance such as a transistor 
current source, none of the above compensation methods apply 
and the amplifier must be heavily compensated, decreasing the 
overall bandwidth. 


Output Voltage Range 


The voltage on pin 4 ts restricted to a range of -0.5 to +0.4 
volts at +25°C, due to the current switching methods employed 
in the MC3408. When a current switch is turned ‘‘off‘’, the posi- 
tive voltage on the output terminal can turn “on” the output 
diode and increase the output current level. When a current switch 
is turned ‘‘on", the negative output voltage range 1s restricted 
The base of the termination circuit Darlington transistor is one 
diode voltage below ground when pin 1 1s grounded, so a negative 
voltage befow the specified safe level will drive the low current 
device of the Darlington tnto saturation, decreasing the output 
current level. 

The negative output voltage compliance of the MC3408 may 
be extended to ~5.0 V volts by opening the circuit at pin 1. The 
negative supply voltage must be more negative than -10 volts. 
Using a full scale current of 1.992 mA and load resistor of 2.5 
kitohms between pin 4 and ground will yield a voltage output 
of 256 levels between 0 and -4.980 volts. Fioating pin 1 does 
not affect the converter speed or power dissipation. However, the 
value of the load resistor determines the switching time due to 
increased voltage swing Values of Ry up to 500 ohms do not sig- 
nificantly affect performance, but a 2.5-kilohm load increases 
“worst case” settling time to 1 2 us (when all bits are switched on). 
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Refer to the subsequent text section on Settling Time for more 
details on output loading. 

If a power supply value between -5.0 V and -10 V is desired, 
a voltage of between 0 and -5.0 V may be applied to pin 1. The 
value of this voltage will be the maximum allowable negative out- 
put swing. 


Output Current Range 


The output current maximum rating of 4.2 mA may be used 
only for negative supply voltages typically more negative than 
-8.0 volts, due to the increased voltage drop across the 350-ohm 
resistors in the reference current amplifier. 


Accuracy 


Absolute accuracy is the measure of each output current level 
with respect to its intended value, and is dependent upon relative 
accuracy and full scale current drift. Relative accuracy is the 
measure of each output current level as a fraction of the full scale 
current. The relatrve accuracy of the MC3408 is essentially 
constant with temperature due to the excellent temperature track- 
ing of the monolithic resistor ladder. The reference current may 
drift with temperature, causing a change in the absolute accuracy 
of output current. However, the MC3408 has a very low full 
scale current drift with temperature 

The MC3408 1s guaranteed accurate to within +0.5% at +25°C 
at a full scale output current of 1.992 mA. This corresponds to a 
reference amplifier output current drive ‘to the ladder network of 
2.0 mA, with the loss of one LSB = 8.0 uA which Is the ladder 
remainder shunted to ground. The input current to pin 14 has a 
guaranteed value of between 1.9 and 2.1 mA, allowing some 
mismatch in the NPN current source pair. The accuracy test 
circuit is shown in Figure 4. The 12-bit converter is calibrated for 
a full scale output current of 1.992 mA. This is an optional step 
since the MC3408 accuracy is essentially the same between 1.5 and 
2.5 mA. Then the MC3408 circuits’ full scale current is trimmed 
to the same value with R14 so that a zero value appears at the 
error amplifier output. The counter is activated and the error 
band may be displayed on an oscilloscope, detected by com- 
Parators, or stored in a peak detector. 

Two 8-bit D-to-A converters may not be used to construct a 
16-bit accurate D-to-A converter, 16-bit accuracy implies a total 
error of 1/2 of one part in 65, 536, or +0.00076%, which is much 
more accurate than the +0.5% specification provided by the 
MC3408. 


Multiplying Accuracy 


The MC3408 may be used in the multiplying mode with 
good accuracy when the reference current is varied over a range 
of 256°1. The major source of error is the bias current of the 
termination amplifier. Under ‘‘worst case”’ conditions, these eight 
amplifiers can contribute a total of 1.6 A extra current at the 
output terminal. If the reference current in the multiplying mode 
ranges from 16 wA to 2.0mA, the 1.6 ZA contributes an error 
of 0.2 LSB with respect to the 2.0 mA. 

A monotonic converter is one which supplies an increase in 
current for each increment in the binary word. Typically, the 
MC3408 1s monotonic for all values of reference current above 
05mA. The recommended range for opetanen with a de reference 
current isO 5 to2.0mA, 


Mc3410 
(AA) MOTOROLA MC3510 MC3410C 


LASER TRIMMED 


TEN BIT, MULTIPLYING 
DIGITAL-TO-ANALOG 
CONVERTER 
SILICON MONOLITHIC 

TEN BIT D TO A CONVERTER INTEGRATED CIRCUIT 

The MC3410 series devices are low-cost, high-accuracy monolithic 
D/A converter subsystems. Like their MC1408 series predecessors, 
they provide the logic controlled current switches, the R-2R resistor 
ladder network and output termination networks. The output buffer 
amplifier and reference voltage have been omitted from the circuit 
to allow greatest system speed, flexibility and lowest cost. This device 
is useful in industrial control and microprocessor based systems. 
@ Relative Accuracy — +0.05% Error Maximum 

(MC3510 and MC3410) ers 
Fast Settling Time — 250 ns Typical (CERAMIC PACKAGE) 


Noninverting Digital Inputs are MTTL and CMOS Compatible 
(from 5 to 15 V CMOS) 


Output Voltage Swing — +0.2 V to —2.5 V 

High Speed Multiplying Input Slew Rate — 20 mA/us 
Standard Supply Voltages — +5 V and — 15 V 

All Categories Guaranteed Monotonic Across Temperature 


Specifications and Applications 
Information 





PIN CONNECTIONS 


Reference Amplifier Internally Compensated 


TYPICAL APPLICATIONS 


Tracking A-to-D Converters Programmable Gain and Attenuation 
Successive Approximation A-to-D Converters Programmable Power Supplies Digital Digital 
3-Digit Panel Meters and DVM's Analog-Digital Multiplication Inputs Inputs 


Waveform Synthesis Digital-Digital Multiplication 
Sample and Hold Speech Compression and Expansion 
Peak Detector Sample Data Systems 





FIGURE 2 — TEN-BIT D/A CONVERTER 
BLOCK DIAGRAM 


FIGURE 1 — D-to-A TRANSFER CHARACTERISTICS MSB LSB 
Al A2 A3 A4 AS A6 A7 AB AI AION 


Current Switches 


Ladder Terminators 
and 
Trimming Networks 


R-2R Ladder 


Ig, OUTPUT CURRENT (mA) 


(0000000000) 
INPUT DIGITAL WORD 
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MC3410, MC3510, MC3410C 


MAXIMUM RATINGS (Tq = +25°C unless otherwise noted.) 


Symbol 


Power Supply Voltage ie | 
VEE 


, 
oe 
Veo, Vee 


Reference Amplifier Differential Inputs “Berto 


Operating Temperature Range 
MC3510 —55 to +125 
MC3410.C 0 to +70 





Junction Temperature 
Ceramic Package 
Plastic Package 
ELECTRICAL CHARACTERISTICS (Vcc = +5.0 Vdc, Veg = —15 Vdc, Veet = 2.0 mA, MC3510 Ta = —55°C to +125°C. 
MC3410 Series: Ta = Oto +70°C unless otherwise noted. Alll digital inputs at high logic level.) 








Relative Accuracy (Error relative to full scale 19) Ta = 25°C 
bipisles ag 


Relative Accuracy Ternperature Drift eaace to ri Scale Iq) tee, | - | 28 | - PPM/°C 
Monotonicity (Full Temperature Range) aeSsse ca to 10 Bits ee 


Settling Time to within +1/2 LSB (Ta = 25°C) (All Bits Low to High) 
Propagation Delay Time — 
Ta= +25°C tPHL 
Output Full Scale Current Drift MC3410, MC3410C Pe ete: * eed elec dmcdlie PPM’ 
MC3510 70 


Digital Input Logic Levels {All Bits) 
High Level, Logic ‘1° Vin 
Low Level, Logic “0” VIL 
Digital Input Current (All Bits) 
High Level, Vj =5.5V nt 0.04 
Low Level, Vi_ = 0.8V Nie 0.4 


Output Current Range 


Output Current 
Vref = 2.000 V, R1g = 1000 22 


Output Current MC3510, MC3410 
(All bits low) (Ta = 25°C) MC3410C 


Output Voltage Compliance (Ta 25°C) 
E- < 0.05% relative to FS — MC3510, MC3410 
E, < 0.10% relative to FS — MC3410C 


Reference Amplifier Slew Rate 


Reference Amplifier Settling Time 
(0 ta 4.0 mA, +0.1%) 


Output i Power Supply Sensitivity MC3510, MC3410 PSRR(—) 
oC oo ache 


Output Capacitance |} Output Capacitance (Vo=0) 0) 


Digital Input Capacitance (All Bits, Inputs High) 


Power Supply Current 
(All Bits low) 


* Power Consumption 
All Bits low 
All Bits high 
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MC3410, MC3510, MC3410C 


TEST CIRCUITS 


FIGURE 3 — NOTATION DEFINITIONS TEST CIRCUITS 


Vy, and 1; apply to inputs A1 
thru A10 


The resistor tied to pin 15 is to temperature compensate the 
blas current and may not be necessary for all applications. 


8 16 32 64 


“1 if An is at high level 
“O" if Any is at low level 


Counter 


MC3510/ 
MC3410 


O Vref (+) 


O Vref (—) 
MC3510/ 


Digital MC3410 


Inputs 
A8 AI , A109 p 


+-— 
128 256 512 1024 ~=— Vo 


Typical Values: 
R15 = R16 =1k 
Vret (+) =+2.0V 
Vrat (—) = Gnd 
$9 = 4.0mA 


14-Bit 
D/A Converter 
(+ 0.003% 
Max Error) 


Oto +10 V Output 


Error (1 V = 0.25%) 


MC3510/MC3410 


FIGURE 5 — SETTLING TIME 


+2 Vdc 
O 


Rise and Fail Times < 10ns 


‘ee 


Ri 


\For settling time 
measurement. 
O (All bit switched Internal Clamp Level 
Vo_ tow to high) 


ponerse 


tg — 250 ns Typical 
to + 1/2 LSB 


Use Ry to Gnd for Turn-Off Measurement 
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MC3410, MC3510, MC3410C 


TEST CIRCUITS (Continued) 


FIGURE 6 — PROPAGATION DELAY TIME 


Rise and Fall Times < 10ns | 


MC3510/ 

MC3410 
For Propagation 
Delay Time 


FIGURE 7 — REFERENCE AMPLIFIER SETTLING TIME AND SLEW RATE 


Vret (+) 


MC3510/ 
MC3410 


Internal Clamp Level 


Slew Rate 


t, = 2us Typical 
to 0.1% 


Use Ry = 2082 to Gnd for 
Slew Rate Measurement 


FIGURE 8 ~ POSITIVE Vyes FIGURE 9 ~ NEGATIVE Vet 


R15 = R16 . R15 = R16 
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MC3410, MC3510, MC3410C 


FIGURE 10 — MC3410 10-BIT D/A CONVERTER EQUIVALENT CIRCUIT 
12:13 


TSR ARREST TITERS 
et fe ele Ls el fe al al Pa 


Current > 
Switches 


Termination 
Amplifiers 


Reference 
Current 
Amplifier 





CIRCUIT DESCRIPTION 


The MC3410 consists of a reference current amplifier, a dif- 
fused R-2R ladder, a laser trimming network, and ten high-speed 
current switches. The trimming method employed makes it 
possible to improve the linearity attainable with modern dif- 
fusion technology by as much as a factor of ten so that a highly 
linear part results. The trim is performed by cutting aluminum 
links arranged to give incremental variations in voltage at the 
ladder termination amplifiers (See Figure 10). This yields a high- 
ly stable trim with no increase in fabrication complexity. 

The switches are non-inverting in operation, so that a high 


face the R-2R ladder through unity gain feedback termination 
amplifiers, which provide low impedance terminations of equal 
voltage for all legs of the ladder. 

The R-2R ladder divides the reference amplifier current into 
binarily-related components, which are fed to the current 
switches. The three least-significant bit switches derive their 
current through emitter scaling from the last leg of the ladder. 
The remaining current, equal to one LSB, is shunted to Vcc at 
the LSB switch, Therefore, the maximum output current is 
1023/1024 of the reference amplifier current, of nominally 





state on an input turns on the specific component of output 


3.996 mA for a 2,000 mA reference input current. 
current. The switches use current steering for speed, and inter- . 


Reference Voltage 


To generate the precision voltage reference input for the 
MC3410, either the MC1403 or the MC1404 may be used. 
The MC1403 produces a 2.5 V +1% output voltage while the 
MC1404 produces a 10 V +1% output. Both have excellent 
temperature and long term stability. In order to reduce the 
effect of reference amplifier offset voltage on overall accuracy, 
the highest possible stability reference voltage should be used. 
Therefore, in systems with a +15 V supply, the MC1404 (10 V) 
is recommended. Where the most positive supply is oniy +5 V, 
the MC1403 provides a 2.5 V reference. To set the reference 
current exactly, a low temperature coefficient potentiometer 
in series with R1 should be used, 
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MC3410,MC3510, MC3410C 


GENERAL INFORMATION 


Reference Amplifier , = 


The reference amplifier allows the user to provide a voltage 
and a resistor to Pin 16 to convert the reference voltage to a 
current. A current mirror doubles this reference current and 
feeds it to the R-2R ladder. Thus for a reference voltage of 
2.0 Volts and 1 k& resistor tied to Pin 16, the full-scale current 
is approximately 4.0 mA. The reference input current, 116, 
must flow into Pin 16 regardless of the setup method or 
reference voltage polarity. 

Connections for a positive reference voltage are shown in 
Figure 8. The reference voltage source supplies the full current 
116. For bipolar refererence signals, as in the multiplying mode, 
R15 can be tied to a negative voltage corresponding to the 
minimum input level. 

The reference amplifier is internally compensated with a 10 
pF feed-forward capacitor, which gives it its high slew rate and 
fast settling time. Proper phase margin is maintained with all 
possible values of R16 and reference voltages which supply 2.0 
mA reference current into Pin 16. The reference current can 
also be supplied by a high impedance current source of 2.0 mA. 
As R16 increases, the bandwidth of the amplifier decreases 
slightly and settling time increases. For a current source with a 
dynamic output impedance of 1.0 MQ, the bandwidth of the 
reference amplifier is approximately half what it is in the case 
of R16 = 1.0 k&2, and settling time is ~ 10 us. The reference 
amplifier phase margin decreases as the current source value 
decreases in the case of a current source reference, so that the 
minimum reference current supplied from a current source is 
0.5 mA for stability. 

A negative reference voltage may be used if R16 is grounded 
and the reference voltage is applied to R15 as shown in Figure 
9. A high input impedance is the main advantage of this method. 
The negative reference voltage must be at least 3 Voits above the 
Vege supply for proper operation. Bipolar input signals may be 
handled by connecting R16 to a positive voltage equal to the 
peak positive input level at Pin 15. 

When a dc reference voltage is used, capacitive bypass to 
ground is recommended. The 5-V logic supply is not recom- 
mended as a reference voltage. If a well regulated 5.0-V supply, 
which drives logic, is to be used as the reference, R16 should be 
decoupled by connecting it to the +5.0 V logic supply through 
another resistor and bypassing the junction of the two resistors 
with a 0.1 uF capacitor to ground. 


Output Voltage Range 


The voltage on Pin 3 is restricted to a range of —2.5 V to 
+0.2 V due to the current switching methods employed in the 
MC3410. When a current switch is turned off, the positive volt- 
age at the output terminal can turn on the output diode and in- 
crease the output current. When a current switch is on, the nega- 
tive output voltage range is restricted to the point at which the 
low current device of the termination amplifier Darlington be- 
gins to saturate, resulting in a decrease in output current. 

The output voltage compliance is guaranteed at 25°C. Note 
from Figure 14 that the output compliance of the MC3410 is 
nearly constant over temperature. 


Accuracy 


Absolute accuracy is a measure of each output current level 
with respect to its intended value. It is dependent upon relative 
accuracy and full scale current drift. Relative accuracy, or 
linearity, is the measure of each output current with respect to 
its intended fraction of the full scale current. The relative accu- 
racy of the MC3410 is fairly constant over temperature due to 
the excellent temperature tracking, of the diffused resistors. The 
full scale current from the reference amplifier may drift with 
temperature causing a change in the absolute accuracy. However, 
the MC3410 has a low full scale current drift with temperature. 

The MC3510 and MC3410 are guaranteed accurate to within 
+1/2 LSB at 25°C and at a full scale current of 3996 mA. 
Input reference current to Pin 16 is guaranteed to be between 
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1.9 and 2.1 mA to produce a full scale output current of 3.996 
mA. The relative accuracy test circuit is shown in Figure 4, The 
14 bit D/A converter is calibrated for a full scale output of 3.996 
mA. This is an optional step as the relative accuracy of the 
MC3410 is nearly constant between 3mAand 5 mA full scale cur- 
rent. The MC3410 is calibrated at full scale with the 14-bit 
reference D/A by adjusting R16 until the error voltage goes to 
zero. The counter is activated and the error band may be dis- 
played on an oscilloscope, detected by comparators, or stored on 
a peak detector. 


Monotonicity 


The MC3510, MC3410 and MC3410C are all guaranteed to 
be monotonic at temperature. This guarantees that for every 
increase in the input digital word, the output current either 
remains the same or increases, but never decreases. The MC3510 
and MC3410 are monotonic over their respective temperature 
ranges. In the multiplying mode (when the reference current is 
varied), monotonicity 1s typically maintained for all values of 
input reference current above 0.5 mA. 


Settling Time 


The worst case switching condition occurs when all bits are 
switched ‘‘on,”’ which corresponds to a low-to-high transition for 
all bits. This time is typically 250 ns for the output to settle to 
within + 1/2 LSB for 10-bit accuracy, and 200 ns for 8-bit 
accuracy. The turn-off time is typically 120 ns. These times 
apply when the output swing is limited to a small (< 0.7 Volt) 
swing and the external output capacitance is under 25 pF. 

The major carry (MSB off-to-on, all others on-to-off) settles 
in approximately the same time as when all bits are switched 
off-to-on. 

The slowest switches are bit A10 (LSB) and bit A9, which 
turn on and settle in typically 200 ns, and turn off in 100 ns. 

In the test circuit of Figure 5, the output voltage is internally 
clamped in the MC3410 at about 0.7 Volts above ground. The 
output is thus limited to a 0.7 Volt swing. If a load resistor of 
625 Ohms is connected to ground, allowing the output to swing 
to —2.5 Volts, the settling time increases to 1.5 us. 

Extra care must be taken in board layout as this is usually the 
dominant factor in satisfactory test results when measuring 
settling time. Short leads, 100uF supply bypassing, and mini- 
mum scope lead length are all necessary. 


MC3510 TERMINOLOGY 


' 


RELATIVE ACCURACY — Maximum output deviation from 
the straight line connecting zero and full scale, expressed 
as a percentage of full scale. 

RELATIVE ACCURACY DRIFT — The average change in 
linearity error that will occur with a change in ambient 
temperature, expressed in parts per million of full scale per 
degree C. 

MONOTONICITY — For every increase in the input digital 
word, the output current either remains the same or increases 

SETTLING TIME — The elapsed time from the input transition 
until the output has settled within an error band about its 
final value. 

OUTPUT FULL SCALE CURRENT DRIFT — The average 
change in full scale current between 25°C and either tempera- 
ture extreme, expressed in parts per million of full scale per 
degree C. ‘ 

REFERENCE AMPLIFIER SLEW RATE — The maximum rate 
of change of the full scale output current expressed in 
milliamperes per microsecond. 

OUTPUT VOLTAGE COMPLIANCE — The maximum voltage 
that can be applied to the output pin so that the specified 
change in output current is not exceeded. 

POWER SUPPLY SENSITIVITY — The change in full scale 
current caused by a change in Veg, expressed as a percent 
of full scale current per percent change in Vee. 


MC3410, MC3510, MC3410C 


TYPICAL CHARACTERISTICS 


FIGURE 11 — LOGIC INPUT CURRENT FIGURE 12 — TRANSFER CHARACTERISTIC 
versus INPUT VOLTAGE versus TEMPERATURE 
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APPLICATIONS INFORMATION 


Voltage outputs are obtainable with this circuit which uses an 
external operational amplifier as a current to voltage con- 
verter. This configuration automatically keeps the output of 
the MC3410 at ground potential and the operational amplifier 
can generate a positive voltage limited only by its positive 
supply voltage. Frequency response and settling time are 
primarily determined by the characteristics of the operational 
amplifier. In addition, the operational amplifier. must be 
compensated for unity gain, and in some cases overcompensa- 
tion may be desirable. 

Note that this configuration results in a positive output volt- 
age only, the magnitude of which is dependent on the digital 
input. 

The following circuit shows how the LM301A can be 
used in a feedforward mode resuiting in a full scale settling time 
on the order of 2.0 us. 


FIGURE 17 


65 pF 


(To Ping 
of MC3410) 





An alternative method is to use the MC1539 and input 
compensation. Response of this circuit is also on the order of 
2.0 ws. 


FIGURE 18 


+15 V 


(To Pin 3 
of MC3410) 







240 


0.2 uF 


= -15V 


The positive voltage range may be extended by cascading 
the output with a high beta common base transistor, Q1, as 
shown. 


FIGURE 19 — EXTENDING POSITIVE 
VOLTAGE RANGE 
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MC3410 






Select R fora 
current of 1 UA 


VEE 
-15V 


The output voltage range for this circuit is 0 volts to BVcgo 
of the transistor. Variations in beta must be considered for wide 
temperature range applications. An inverted output waveform 
may be obtained by using a load resistor from a positive refer- 
ence voltage to the collector of the transistor. Also, high-speed 
operation is possible with a large output voltage swing, because 
Pin 3 is held at a constant voltage. The resistor (R) to Veg main- 
tains the transistor emitter voltage when ail bits are “off’’ and 
insures fast turn-on of the least significant bit. 


FIGURE 20 — OUTPUT CURRENT TO 
VOLTAGE CONVERSION 
O+15 V 
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APPLICATIONS INFORMATION (Continued) 


Bipolar or Negative Output Voltage 


The circuit in Figure 21 ts a variation of the standard output 
voltage circuit in Figure 20. A negative or offset binary out- 
put may be obtained by sourcing current from the reference 
into the output through Rg. If Rg allows 2 mA (Rg = 5 kN 
from 10 Volts) then 1000000000 input will generate zero 
output voitage, 


FIGURE 21 — OFFSET BINARY OR 
BIPOLAR DAC 








Successive Approximation A to D 


The fastest and most efficient means of A to D conversion 
using D to A convertors is successive approximation (SA). 
Similar in appearance to staircase devices, the SA converter is 
capable of 100 times faster conversions for a 10-bit result. A 
complete 10-bit SA coverter using MC3410 and MC14559B/49B 
successive approximation registers is shown in Figure 22. The 
complexity which results in higher conversion speeds is con- 
tained in the MC14559B/49B registers. Quite simply, the register 
compares the DAC output resulting from activating each bit 
with the input voltage. This is done starting with most signifi- 
cant bit and after 10 comparisons generates the 10-bit binary 
output representing that input. The accuracy of the conversion 
is fixed by the accuracy of the MC3410 and is not dependent 
on tolerances of the other components. An EOC outout ts 
available and can be used to latch the parallel output or to 
synchronize the serial output which is also available. For more 
details on SA converters, see AN-716. 


For Offset Binary Output From +5 V to —5 V 





Ro = 2.5k2 

Rg = 5k2Q 
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FIGURE 22 — SUCCESSIVE APPROXIMATION CONVERTER 
USING MC3410 AND MC1404 
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APPLICATIONS INFORMATION (Continued) 


Staircase A to D 


If high conversion speed is not required, a staircase A to D 
convertor can be built for somewhat lower cost. A complete 
staircase A/D convertor is shown in Figure 23. Here the com- 
plicated SA registers are replaced with simple binary counters. 
With an input voltage applied, the binary counter is reset by 
the convert command pulse and the begin accumulating counts. 
The DAC output steps upward until the comparator detects 
that the input is equal to the DAC output. The counters are 
disabled and the conversion result is held at the output until 
the circuit is reset by the convert command input. 


One advantage of staircase convertors is the ease with which 
BCD outputs may be obtained Figure 24 shows a 3-digit panel 
meter using the staircase technique and an MC14553B 3-decade 
counter. The circuit function is similar to Figure 23 but Multi- 
plexed BCD output ts available from the MC14553B counters. 
Parallel BCD may be obtained with equa! ease ustng the 
MC14518B 2-decade CMOS counters. 

In both these staircase designs the system accuracy is deter- 
mined by the specified accuracy of the MC3410. 


FIGURE 23 — 10-BIT STAIRCASE A to D USING mesaie AND MC1403 
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FIGURE 24 — 3-DIGIT DVM USING MC3410 AND MC1403 
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APPLICATIONS INFORMATION (Continued) 
FIGURE 25 — ALTERNATE APPROACH STAIRCASE A TO D> 










5 
ae 
14001B 
6 










Vref 
=2.5V 
MC3410 
1.25 k 
: Convert 
-15V MS8 tsB ry Command 
BCD D to A Converter 
BCD output A to D conversions are most easily accomplished 

by accumulating the digital results in two different counters, but 

that concept does not extend to BCD Dto A techniques. Using 

the circuit in Figure 26 a three-digit BCD number can be con- 

verted to a 10-bit accurate voltage. The MC14008B’s perform 

the combinational BCD-to-Binary conversion. The accuracy of 

this circuit is also solely dependent on the accuracy of the 

MC3410. 

FIGURE 26 — 3-DECADE BCD DAC 
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(MA) MOTOROLA MC3412 


Product Preview 


HIGH-SPEED 
12-BIT D/A CONVERTER 


COMPLETE 12-BiT _ SILICON MONOLITHIC 
HIGH-SPEED MONOLITHIC D/A CONVERTER INTEGRATED CIRCUIT 


The MC3412 is a monolithic single-chip 12-bit D/A! converter. 
It contains a high-stability voltage reference and both offset and 
span resistors. Active laser trimming of the thin-film ladder network 
and voltage reference provide accuracy and linearity of better than 
+ % LSB. 12-bit accuracy and fast settling time (typically better 
than 200 ns to + % LSB) make this converter an ideal display driver 
or fast A/D converter building block. 


Fast Settling Time: + % LSB in 200 ns Typ L SUFFIX 
Fully Monotonic Over Temperature Range CERAMIC PACKAGE 
: : F CASE 623 
Single-Chip Construction 

High-Stability Voltage Reference on Chip 
Linearity Guaranteed Over Temperature 
Low Power Consumption 


Replaces AD565 P SUFFIX 
PLASTIC PACKAGE 
CASE 649 





BLOCK DIAGRAM PIN CONNECTIONS 


Input Code 
24 |] Bit 1 (MSB) 


MC3412 


10 V Span [[] 10 15 [_] Bit 10 
20 V Span[_] 11 14 [-] Bit 11 


Dig Com r 
Offset (Gnd) [_j 12 13 {"} Bit 12(LSB) 





This is advance information and specifications are subject to change without notice 
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MOTOROLA MC6890 


Product Preview 


BUS-COMPATIBLE 8-BIT 
8-BIT MPU D-TO-A CONVERTER BUS-COMPATIBLE 


The MC6890 is a self-contained, bus-compatible, 8-bit MPU DAC 
(+0.19% accuracy) D-to-A converter system capable of interfac- 
ing directly with 8-bit microprocessors. 

Available in both commercial and military temperature 
ranges, this monolithic converter contains master/slave 
registers to prevent transparency to data transitions during ac- 
tive enable; a laser-trimmed, low-TC, 2.5 V precision bandgap 
reference; and high-stability, laser-trimmed, thin-film resistors 
for both reference input and output span and offset control. 

A reset pin provides for overriding stored data and forcing loyt 
to zero. 





+1/2 LSB Nonlinearity 

Available in Military Temperature Range 

Direct Data Bus Link 

Low Power: 130 mW Typ 

Fast Settling Time: 140 ns Typ 

Single Enable: 10 ns Max Data Hold Time 

Self-Contained 2.5-V Precision Laser-Trimmed Voltage 
Reference (May Also Be Used Externally) 

Reset Pin to Override Data 

Output Voltage Ranges: +5.0, +10, +20, or 
+2.5, +5.0, +10 Volts 


L SUFFIX 
CASE 732 


OPERATION WITH MC6800 


PIN CONNECTIONS 


MC6800 
Microprocessor (MSB) 07 [+ | 





Address Data Bus 
Bus 
$2 
VMA Analog Gnd 


[16] 20 V Span 
118] 10 V Span 


Bipolar 
Offset 


Digital Gnd f10} 


MC6890 
Enable 





This is advance information and specifications are subject to change without notice. 
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MC6890 


MAXIMUM RATINGS 


Vcc +7.0 
VEE -18 


[Vin [3010-70 
ret) | 35 | 


in 
Operating Temperature Range TA 
MC6890 : 0 to +70 
MC6890A -55 to +125 
Ze 












Characteristic 


Digital input Logic Levels (Each Bit) Vde 
High Level, Logic 1 VIH 
Low Level, Logic 0 VIL 


Digital Input Current 
Data (Vip = 3.0 V) 
(Vit = 0.4 V) 

Enable, Reset (Vip = 3.0 V) 





















(Vi = 0.4 V) UL 
Full Scale Output Current — Unipolar | igo =| -1.50 | 
Output Resistance — Exclusive of Span Resistors | — | 70 | 


Unipolar Zero Output — All Bits Off be ee 


Full Scale Output (Unipolar Zero) Temperature Coefficient 
(With Internal Reference) Unipolar Zero 

Bipolar Zero 

Gain 


Monotonicity 
(0°C < Tax +70°C) MC6890 
(-55°C < Ta < +125°C) MC6890A 









Relative Accuracy 
Error Relative to Full-Scale Output Current 


Differential Nonlinearity 


Output Voltage, Full Scale — Unipolar with Internal Reference 
(10 V Span) 
(20 V Span) 
(5.0 V Span) 
Output Voltage, Half Scale — Bipolar Offset Tied to Internal 
Reference Direct — Input Code = 10000000 

(10 V Span) 
(20 V Span) 
(5.0 V Span) 


Power Supply Range 


+0.19 
+1/2 LSB 
+ 0.29 
(+ 3/4 LSB) 



























Power Supply Current 















(Voc = 5.0 V) 
(Veg = -5.0 V) 
. (VegE= —15 V) 


Power Supply Sensitivity 
To Vcc (Vcc = 4.5 to 5 5 V, Veg = -5.0 V) 
To Vee (Voc= 5.0, Veg = -5.0 to -15 V) 


Power Dissipation — All Bits Low 
For Vcc = 5.0 V @ Veg =-5.0 V 
For Veg= -18 V @ Vcc =5.0V 


| Reference input Resistor Reet _| 
lLoad = 0 to 3.0 mA 
[Reterence Output Gurrent SSS 


*Full Scale 
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MC6890 


AC SPECIFICATIONS (Vcc = 5.0 V, Veg =-12 V, Ta = 25°C unless otherwise noted) 


Settling Time 
(Enable Positive Edge to +1/2 LSB Output) 


Data Hold Time 


Minimum Pulse Widths 
nable 
Reset 


Propagation Delays 
Enable a, Low to High tPLH(E) 
Reset, High to Low tPHL(R) 


(lg < 1.0 pA) 





FIGURE 1 — TIMING DIAGRAM 


Data 


Enable 








FS PRP LO en ee es ey 
lout 50%  +1/2LSB \ 
OS ane ee cee es ce ewe es oe 
tPLH(E) 7 er 
Reset 


Leva 


FIGURE 2 — BLOCK DIAGRAM 











Reference ewes 
Source © Enable (12) 


© Reset (9) 


(19) Ref Out © 


(17) Ref In O 
O Bipolar Offset (13) 


Current Sources, 
Switches 
© tout (14) 


O10 V Span (15) 


O 
VeE Vec Analog Digital 20 V Span (16) 
-5V 5V Ground Ground 
to-15V 


(11) (20) (18) (10) 
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MC6890 


FIGURE 4 — TYPICAL APPLICATION FOR OFFSET BINARY +5.0 V OUTPUT OPERATION 





MC6800 MPU 





FIGURE 3 — MC6890 IN TYPICAL BIPOLAR +2.5 V OPERATION 
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1 


owns OO 


+ 2.490 
+ 2.470 
+0.010 
- 0.010 
— 2.470 
— 2.490 








(AA) MOTOROLA 


Product Preview 


HIGH SPEED 
7-BIT ANALOG-TO-DIGITAL 


SEVEN BIT PARALLEL FLASH CONVERTER 
HIGH SPEED A/D CONVERTER 


(WITH OVERRANGE) ; SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


The MC10317L is a 7-bit high speed parallel A/D converter 
which employs ECL processing. The device consists of 128 parallel 
latched comparators across a high quality input reference network. 
The 128 comparator outputs are then fed to a 128-to-7 encoder and 
latched to the outputs which are ECL compatible. An overrange bit 
is provided to allow overrange sensing, or to facilitate the connection 
of two 7-bit converters to produce an 8-bit A/D converter. 

Applications include video display and radar signal processing, 
high speed instrumentation, and TV broadcast video encoding. 


7-Bit Resolution/8-Bit Accurate Plus Overrange 
Direct Interconnection for 8-Bit Conversion 
> 30 MHz Sampling Rate 
Binary or 2’s Compliment Output L SUFFIX 

ok ; CERAMIC PACKAGE 
Fully Monolithic - ECL 10K Compatible CASE 623 
Standard 24-Pin Package 
Wide Range of Input Voltage, - + 2.0 Volts 





MC10317 DEVICE/APPLICATION CONFIGURATION Typical 8-Bit A/D 
(11) (9) (24) Parallel Converter 


VIN CLK 


(5) VREFT 
MC10317 
(3) VREFAC an #2 
1 | Ita 
(6) VREFEM Ho | Latched | — 
| | Comp. | 
I {| 
(8) VREFAC 


\ 
H | K 
(7) VReFBO L a = 


AGND DGND 
(1,13) (23) 
TIMING 
MC10317 
Convert Ft 
Clock 
Data Out 
a To 


Data 
Latched NOTE: All pins not shown are connected tn parallel. 


Data Neg 
Valid Ref 





This ts advance information and specifications are subject to change without notice. 
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(AA) MOTOROLA 









Advance Specifications 
and Applications Information 


HIGH SPEED 
8-BIT DIGITAL-TO-ANALOG CONVERTER 


The MC10318 is a high speed 8-bit D/A converter capable of data 
conversion rates in excess of 25 MHz. It is intended for applications 
in high speed instrumentation and communication equipment, 
display processing, storage oscilloscopes, tadar processing, and TV 
broadcast systems. The inputs are compatible with MECL 10,000 
series logic, while the complementary current outputs have 51 mA 
full scale capability 8-bit accurate (41/2 LSB) and monotonic 
over the full temperature range, the outputs typically settle in less 
than 10 ns. 

@ FAST! Settling Time — 15 ns Typ 


@ 8-Bit Accuracy (40.19%) — MC10318L 
9-Bit Accuracy (+0.1%) — MC10318L9 


Inputs MECL 10,000 Compatible 
Complementary Current Outputs 

Output Compliance: -1.3 V to +2.5 V 
Standard: -5.2 V Supply 

Standard 16 Pin Ceramic Package 

Low Dissipation — Typically Less Than 500 mW 


Low Cost 


TYPICAL MC10318 TO MC10800 PROCESSOR INTERFACE 


Timing and Control 
Address Bus 


Data Bus 


Buffer/Filter 


Holding 
Register 


Nn 
>—— Analog 
Output 


Address and 
Timing Decode 





This ts advance information and specifications are subject to change without notice. 
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MC10318L 
- MC10318L9 


HIGH SPEED 
8-BIT DIGITAL-TO-ANALOG 
CONVERTER 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


L SUFFIX 
CERAMIC PACKAGE 
CASE 620 


L SUFFIX 
CERAMIC PACKAGE 
CASE 690 


Motorola reserves the right to supply 
this device in either of the above packages. 





PIN CONNECTIONS 





MC10318L, MC10318L9 


MAXIMUM RATINGS (Ta = +25°C unless otherwise noted.} 


Rating | Symbot_ | Value | Unit __| 
[Reference Gurent_————S*d ett) ma 


Operating Temperature Range 
Storage Temperature Range 
Junction Temperature Ceramic Package 













CHARACTERISTICS TEST VOLTAGE VALUES (Note 1) 
Volt 
These specifications apply for Veg = -5.2 V, Best 


Ips = 51 MA, Ta = 0°C to +70°C after thermal 


: o°c 
equilibrium is reached. 


25°C 
70°C 


-0.845 -1868 
-0.810 


Characteristics [Min | 









Power Supply Voltage Range 
Power Supply Current 

(Pins 1 thru 8 Open, Iles = 51 mA) 
Monotonicity 
Nonlinearity MC10318L. 

MC10318L9 

Settling Time to 1/2 LSB 

(All Bits Switched On or Off, Ta = 25°C, Note 3) 


Full Scale Current — Figure 1 
(R3, R4 = 3.300 kQ, Veeg = 10.560 V, Note 2) 
Zero Scale Current (Note 2) 
Full Scale Symmetry (tes15 - 1F514, Note 2) 
Half Scate Accuracy MC10318L 
(IHs = 25.5 mA) MC10318L9 
Output Voltage Compliance (Note 2) 
Full Scale Current Change < 99 nA MC10318L, 
50 uA MC10318L9 
Power Supply Sensitivity (of Full Scale Current) 
(Veg = -4.94 V to -5.46 V) 
Reference Bias Current, Pin 10 
(lpef = 3.2 mA) 
Propagation Delay 50% to 50% 
(All Bits Switched Low to High, High to Low) 





NOTES. 1. Logic input levels are compatible with MECL 10,000 logic series. 
2. Output characteristics apply to both pins 14 and 15, lout and tout. 
3. See comments on construction and evaluation techniques in Figure 2 and text. 
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FIGURE 1 — FULL SCALE AND HALF SCALE CURRENT TEST CIRCUIT 





Forles 
Vin = -1.105 V } 


For lus 
Vin = —1,505 V 





1.105 V 
Vin 


O1 uF 
ale 





-52V 
les15 Tested Similarly VEE 


FIGURE 2 — TYPICAL CONNECTIONS FOR 50 {2 TRANSMISSION LINE 
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NOTE. Ltne impedances and termination impedance must be homogeneous 50 00 22. Any deviation will cause reflections 
which will seriously affect settling time Optimum performance cannot be realized with sockets. Good 1.0 GHz 


microstripline techniques must be used 
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MC10318L, MC10318L9 


FIGURE 3 — TYPICAL CONNECTIONS FOR 75 2. TRANSMISSION LINE AND TTL-COMPATIBLE INPUTS 
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NOTE. See caution on line and termination impedance in Figure 2 and text 


APPLICATION INFORMATION 


Functional Test Circuit Construction 

Test circuits used to evaluate this device or circuit 
designs used in actual practical situations must employ 
good 1.0 GHz RF microstripline practices if optimum 
performance is to be achieved from this device. Both line 
and termination impedances must be matched to within 
+0.19% to minimize reflections which will appear as 
increased settling time. The use of sockets for initial 
evaluation is not recommended if specified settling time is 
to be obtained. 


Applications information can be obtained by con- 
tacting: 
Application Engineering 
(602) 244-3021 


If desired, test circuit artwork and board specifications 
will be supplied by contacting: 
Linear Interface Marketing 
(602) 962-2294 


Successive Approximation A/D Converter 

The circuit shown in Figure 4 uses the MC10318 in 
a successive approximation analog-to-digital converter. 
The circuit as shown will operate at a clock frequency 
above 30 MHz if proper attention is given to layout. 

The full-scale voltage (VFS) for the circuit as shown 
is 10.20 V. This full-scale voltage may be changed by 
changing the 200 22 resistor to a value given by: 


_ VFS_ VFS 


I-Fgs 5S1mA 





However, at low values of Ves the resolution of the 
comparator must be considered to maintain a +1/2 LSB 
accuracy. : 
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FIGURE 4 — SUCCESSIVE APPROXIMATION A/D CONVERTER USING MC10318 
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FIGURE 5 — MC10318 EQUIVALENT CIRCUIT 
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Temperature Range 


Commercial 


MC1400, A 
MC1403,A 
MC1404,A 


Military 


MC1500, A 
MC1503,A 
MC1504,A 


VOLTAGE REFERENCES 


Precision Voltage References .....escesecces . 
Precision Low-Voltage References ......eeseeees ee eres 9-4 
Precision Low-Drift Voltage References 


MC1400 MC1400A 
MC1500 MC1500A 


(AA) MOTOROLA 


Product Preview 
PRECISION 
VOLTAGE REFERENCES 
TIGHT-TOLERANCE, LOW-DRIFT 2.5, 5.0, 6.25, and 10-VOLT 
VOLTAGE REFERENCE FAMILY OUTPUT VOLTAGES 


The MC1400 series of ICs is a family of temperature-compensated LASER-TRIMMED SILICON 
voltage references for precision data conversion and instrumentation MONOLITHIC INTEGRATED CIRCUIT 


applications. Advances in thin-film resistors, laser-trimming tech- 
mit 


niques, ion-implanted devices, and monolithic fabrication techniques 
make this reference both temperature and time stable in applications 
demanding accuracy to the 16-bit level. 
These devices offer simple, no-external-component operation as 
three-terminal, positive-voltage references, and also simple, one- 
external-resistor operation as either positive or negative references. 
Unique circuitry permits these devices to either source or sink 
greater than 10 mA of load current with excellent regulation. This 
feature means that the buffer amplifiers and current sources nor- 
mally required for precision zener references can be eliminated. 
i U SUFFIX 
@ Four Different Output Voltages: 2.5, 5.0,6.25, 10 V CERAMIC PACKAGE 
Tight Absolute Accuracy: +0.2% Maximum Initial Tolerance CASE 693 
Single-Component Output Trimming Without Degrading Temper- 
ature Coefficient Ne | 
Wide Input Voltage Range: VREF +1.0 V to +40 V 
Three-Terminal Operation: Wis 2 | 
Positive References That Can Source and Sink Current 
Two-Terminal Operation: VTEMP 3 | 
Positive or Negative References 
Floating References Gnd 4 | 
Low Current Consumption: 0.75 mA Typical 
Very Low Temperature Coefficient: 5 ppm / °C Typical 
Low Output Noise Voltage 
Excellent Ripple Rejection: 100 dB Typical at 120 Hz 
Excellent Long Term Stability: 25 ppm / 1000 Hrs Typical SACKAGE IALL-TVPES) 
Ceramic DIP 


2.5 Volts 


McC1500U2 -55°C to +126°C 
MC1500AU2 -55 C to +125 C 
MC1400U2 0 C to +70°C 
MC1400AU2 OCtot70C 
5.0 Volts 
MC1500U5 -55°C to +125°C 
MC1500AU5 -55°C to +125°C 
MC1400U5 0°C to +70°C 
MC1400AU5 0°C to +70°C 


6.25 Volts 
MC1500U6 -55°C to +125°C 
MC1500AU6 -55°C to +125°C 


MC1400U6 0°C to +70°C 
MC1400AU6 0°C to + 70°C 


10 Volts 


MC1500U10 -55°C to +125°C 
MC1500AU10 ~55°C to +125°C 














MC1400U10 0°C to +70°C 
MC1400AU10 0°C to +70°C 





This ts advance information and specifications are subject to change without notice. 


MC1403,A 
MC1503,A 


(AA) MOTOROLA 


PRECISION LOW-VOLTAGE 
REFERENCE 


LOW-VOLTAGE REFERENCE 


A precision band-gap voltage reference designed for critical 
instrumentation and O/A converter applications. This unit is 
designed to work with Motorola MC1506, MC1508, and MC3510 
D/A converters, and MC14433 A/D systems. Low temperature drift 
is a prime design consideration. 


@ Output Voltage = 2.5 V +25 mV 
Input Voltage Range = 4.5 V to 40 V 
Quiescent Current = 1.2 mA typ 
Output Current = 10 mA 
Temperature Coefficient = 10 ppm/°C typ 
Guaranteed Temperature Drift Specification 
Equivalent to AD580 
Standard 8-Pin DIP Package 


Typical Applications 

@ Voltage Reference for 8-12 Bit D/A Converters 
@ Low Tc Zener Replacement 

® High Stability Current Reference 

@ Voltmeter System Reference 


LASER TRIMMED 
SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


U SUFFIX 
CERAMIC PACKAGE 
CASE 693 





MAXIMUM RATINGS (T, = 25°C unless otherwise noted.) 


[Rating «dt Svmbot [Value [Une 
Pemtverse Ci Od 
Fe a ie LL 


Operating Ambient Temeprature Range 
MC1503,A 
MC1403,A 




















~55 to +125 
Oto +70 





FIGURE 1 — A REFERENCE FOR MOTOROLA MONOLITHIC D/A CONVERTERS 


Full- 
Scale 
Adjust ~ 
Pins Numbers for 
MC1508/1408/3408 
Series; device 


could also be 
MC1506/1406 or MC3510/3410 


Amplifier 


recommended to provide means for full-scale adjust on the 
D/A converter. 

The resistor R3 improves temperature performance by 
matching the impedance on both inputs of the D/A reference 
amplifier. The capacitor decouples any noise present on the 


PROVIDING THE REFERENCE CURRENT 
FOR MOTOROLA MONOLITHIC D/A CONVERTERS 


The MC1403/1503 makes an ideal reference for the 
Motorola monolithic D/A converters. The MC1406/1506, 


MC1408/1508, MC3410/3510 and MC3408 D/A converters all 
require a stable current reference of nominally 2.0 mA. This 
can be easily obtained from the MC1403/1503 with the 
addition of a series resistor, R1. A variable resistor, R2, is 


reference line. It 1s essential if the D/A converter is located any 
appreciable distance from the reference. 

A single MC1403/1503 reference can provide the required 
current input for up to five of the monolithic D/A converters. 





MC1403, A, MC1503, A 


ELECTRICAL CHARACTERISTICS (Vv, = 15 V, Ta = 25°C unless otherwise noted.) 






‘ 
< 
ao] 


Characteristic 


Output Voltage Vo 2.475 
(Ig = 0 mA} 

Temperature Coefficient of Output Voltage 
MC1503 
MC1503A 
MC1403 


MC1403A 
Output Voltage Change 
(over specified temperature range) 
E1503 |_| -55°C to +126°C 
MC1503A 

MC1403 
MC1403A 
Line Regulation 
(5V<V,<40V), 
(4.5V<V,<15V) 


Load Regulation Regioad os my 
(0 mA < Ig < 10 mA) i 


Quiescent Current 


























t 0°C to +70°C 












MC1403, A, MC1503, A 


FIGURE 4 — CHANGE IN OUTPUT VOLTAGE 


versus LOAD CURRENT 


(NORMALIZED TO Vout @ Vin = 15 V, lout =O MA) 


FIGURE 3 — TYPICAL CHANGE IN Vout versus Vin 
(NORMALIZED TO Vin = 15 V @ Tc = 25°C) 
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FIGURE 6 — CHANGE IN Vout versus TEMPERATURE 


FIGURE 5 ~ QUIESCENT CURRENT versus TEMPERATURE 


(NORMALIZED TO Vout @ Vin = 15 V) 


(Vin = 15 V, lout = 9 mA) 





ce 
(vw) 1N3¥HND LN39STIND “4 


Ta, TEMPERATURE (°C) 


Ty, TEMPERATURE (°C) 


Ig. Vin = 15 V, lout = 0 mA) 


FIGURE 7 — CHANGE IN Vout versus TEMPERATURE 
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MC1403, A, MC1503, A 


3-1/2-DIGIT VOLTMETER — COMMON ANODE 
DISPLAYS, FLASHING OVERRANGE 


An example of a 3-1/2-digit voltmeter using the 
MC14433 is shown in the circuit diagram of Figure 8. 
The reference voltage for the system uses an MC1403 
2.5 V reference !C. The full scale potentiometer can 
calibrate for a full scale of 199.9 mV or 1.999 V. When 
switching from 2 V to 200 mV operation, Rj is also 
changed, as shown on the diagram. 

When using Rc equal to 300 kQ2, the clock frequency 
for the system is about 66 kHz. The resulting conversion 
time is approximately 250 ms. 

When the input is overrange, the display flashes on 
and off. The flashing rate is one-half the conversion rate. 


This is done by dividing the EOC pulse rate by 2 with 
1/2 MC14013B flip-flop and blanking the display using 
the blanking input of the MC14543B. 

The display uses an LED display with common anode 
digit lines driven with an MC14543B decoder and an 
MC1413 LED driver. The MC1413 contains 7 Darlington 
transistor drivers and resistors to drive the segments of 
the display. The digit drive is provided by four MPS-A12 
Darlington transistors operating in an emitter-follower 
configuration. The MC14543B, MC14013B and LED 
displays are referenced to VEE via pin 13 of the MC14433. 
This places the full power supply voltage across the 
display. The current for the display may be adjusted by 
the value of the segment resistors shown as 150 ohms 
in Figure 8. 


FIGURE 8 — 3-1/2-DIGIT VOLTMETER 
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(A) MOTOROLA 


VOLTAGE REFERENCE FAMILY 


The MC1404 series of ICs is a family of temperature-compensated 
voltage references for precision data conversion applications, such as 
A/D, D/A, V/F, and F/V. Advances in laser-trimming and ion- 
implanted devices, as well as monolithic fabrication techniques, 
make these devices stable and accurate to 12 bits over both military 
and commercial temperature ranges. In addition to excellent tem- 
perature stability, these parts offer excellent long-term stability and 
low noise. 


Output Voltages: Standard, 5.0 V,6.25V,10V 
Trimmable Output: > + 6% 

Wide Input Voltage Range: VaeF + 2.5 V to40 V 
Low Quiescent Current: 1.25 mA Typical 
Temperature Coefficient: 10 ppm/°C Typical 

Low Output Noise: 12 uV_ p-p Typical 

Excellent Ripple Rejection: > 80 dB Typical 


TYPICAL APPLICATIONS 
@ Voltage Reference for 8-12 Bit D/A Converters 


@ Low Tc Zener Replacement 
@ High Stability Current Reference 
e 


MPU D/A and A/D Applications 


FIGURE 1 — VOLTAGE OUTPUT 10-BIT DAC USING MC1404U10 


200k 
Cermet 
20 Turn 


MC3410 


+15 
25 k Cermet 
20 Turn 


MiC1404 WiC1404A 
MiC1504 MC1504A 


PRECISION LOW-DRIFT 
VOLTAGE REFERENCES 


5.0, 6.25, and 10-VOLT OUTPUT VOLTAGES 


LASER TRIMMED SILICON 
MONOLITHIC INTEGRATED CIRCUIT 





pill 


U SUFFIX 
CERAMIC PACKAGE 
CASE 693 





ORDERING INFORMATION 


PACKAGE (ALL TYPES) 
Ceramic DIP 


5.0 Volts 
MC1504U5 
MC1504AU5 
MC1404U5 
MC1404AU5 

6.25 Volts 


MC1504U6 
MC1504AU6 
MC1404U6 
MC1404AU6 


10 Volts 





-55°C to +125°C 
-55°C to +125°C 
0°C to +70°C 
0°C to +70°C 





~55°C to +125°C 

-55°C to +125°C 
0°C to +70°C 
0°C to +70°C 








. 
do 


MC1504U10 
MC1504AU10 


MC1404U10 
MC1404AU 10 


-55°C to +125°C 
-55°C to +125°C 
0°C to +70°C 
0°C to +70°C 





MC1404, MC1404A, MC1504,MC1504A 


MAXIMUM RATINGS 


Storage Temperature -65 to +150 


Junction Temperature 


Operating Ambient Temperature Range = 
MC1504,A ~55 to +125 
MC1404,A 0 to +70 





ELECTRICAL CHARACTERISTICS (v,,, = 15 Volts, Ta = 25°C and Trim Terminal not connected unless otherwise noted) 


| Mci4o4.a | cis04,a | 
Symbol | Min | Typ | Max | Min | Typ | Max_| 
U10, AU10 


Volt 
4.95 | 500 5.05 4.95 5 00 505 
6.19 pe 6.31 6.19 625 | 6.31 
9.90 10.10} 9.90 10 10.10 
Output Voltage Tolerance -—_=_| =| 
Output Trim Range (Figure 10) AVTRIM 
(Rp = 100 kQ) 
ee 
ef 2 fo ft 8 
Note 1. Includes thermal effects. 
DYNAMIC CHARACTERISTICS (v,, = 15 V, Ta = 25°C all voltage ranges unless otherwise noted) 


MC1404,A 
Characteristic 


| Mci404,a | MC1504,A 
symbol_[ Min] Typ | Mex | Min [Typ | Max_| 
Turn-On Settling Time 


(to +0.01%) 


Output Noise Voltage -— P to P 
(Bandwiacth 0 1 to 10 Hz) 
Small-Signal Output Impedance 


120 Hz 
500 Hz 


Power Supply Rejection Ratio } PsRR | 7 

















Output Voltage 
(lg =O mA) 
U5, AUS 

U6, AU6 












Output Voltage Temperature Coefficient, 
Over Full Temperature Range 


AVo/AT 






MC1404, MC1E24 
MC1404A, MC1504A 


Maximum Output Voltage Change 
Over Temperature Range 
MC1404U5, MC1504U5 
MC1404AU5, MC1504AU5 
MC1404U6, MC1504U6 
MC1404AU6, MC1504AU6 
MC1404U10, MC1504U10 
MC1404AU10, MC1504AU10 


Line Regulation (1) Reg_ineE 
(Vin = Vout + 2.5 V to 40 V, tour = 0 MA) 

Load Regulation (1) Reg_LoaD 
(0 < !9 < 10 mA) 

Quiescent Current 
(Ip =O mA) 


Short Circuit Current 































Pele sea 
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MC1404, MC1404A, MC1504, MC1504A 


TYPICAL CHARACTERISTICS 


FIGURE 2 — SIMPLIFIED DEVICE DIAGRAM FIGURE 3 — LINE REGULATION versus TEMPERATURE 
26 









> 20 
= 
2 
° 
= 18 
a 
3 
TRIM = 
ws 10 Vin= VRer +25 V to 40 V 
at lout = O9mA 
3 
> 
VTEMP 3.75 k 41 05 


[5.0% | 6.25V] 


1.25 k 





-15  -80 0-25 0 +25 «+60 +75) #100 +125 
Ta, AMBIENT TEMPERATURE (°C) 


FIGURE 4 - OUTPUT VOLTAGE versus TEMPERATURE 
MC1404U10 


FIGURE 5 — LOAD REGULATION versus TEMPERATURE 


Vout. OUTPUT VOLTAGE (V) 
Vout. LOAD REGULATION (%/mA) 








50-25 0 +25 +50 +75 +100 +125 
Ta, AMBIENT TEMPERATURE (°C) i I I Li 
Ta, AMBIENT TEMPERATURE (°C) 


FIGURE 6 — POWER SUPPLY REJECTION RATIO 
versus FREQUENCY FIGURE 7 — QUIESCENT CURRENT versus TEMPERATURE 




















Iq, QUIESCENT CURRENT (mA) 








21u3Vv 
20 Volts Average 


Set Node to 


PSRR, POWER SUPPLY REJECTION RATIO (dB) 











001 01 10 10 100 1000 -50 -25 QO +25 +50 +75 +100 +125 
f, FREQUENCY (kHz) Ta, AMBIENT TEMPERATURE (°C) 
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MC1404, MC1404A, MC1504, MC1504A 


FIGURE 8 — SHORT CIRCUIT CURRENT versus TEMPERATURE 


Ise, SHORT CHRCUIT CURRENT (mA) 





-25 
Ty, AMBIENT TEMPERATURE (°C) 


O +25 +50 +75 +100 +125 


FIGURE 10 — OUTPUT TRIM CONFIGURATION 


+15 V 






MC1404 





TRIM 
Gnd 


Output Adjustment 


The MC1404 trim terminal can be used to adjust the output 
voltage over a +6% range For example, the output can be set to 
10.000 V or to 10.240 V for binary applications For trimming, 
Bourns type 3059, 100 kM or 200 kf trimpot ts recommended. 

Although Figure 10 illustrates a wide trim range, temperature 
coefficients may become unpredictable for trim > +6.0%. 


FIGURE 9 — Vemp OUTPUT versus TEMPERATURE 


08 


o Co 
> on 


o 
nN 


VTemp. TEMPERATURE OUTPUT (V) 





-25 
Ta. AMBIENT TEMPERATURE (°C) 


+25 +50 +75 +100 +125 


FIGURE 11 — PRECISION SUPPLY USING MC1404 


OV+ 







MPS-US5S1A 


5 0, 6.25, 
10 V @ 1/2 Amp 


Output Power Boosting 


The addition of a power transistor, a resistor, and a capacitor 
converts the MC1404 into a precision supply with one ampere 
current capability. At V+ 15 V, the MC1404 can carry tn excess 
of 14 mA of load current with good regulation If the power 
transistor current gain exceeds 75, a one ampere supply can 
be realized 


FIGURE 12 — ULTRA STABLE REFERENCE FOR MC1723 VOLTAGE REGULATOR 


Supply 





8(12) 









MC1404U5 


9-11 


7(11) 


MC1723G 
(MC1723L or P) 


6(10) BR 





sc 








MiC1404, MC1404A, MC1504, MC1504A 


FIGURE 13 — 5.0 V, 6.0 AMP, 25 kHz SWITCHING REGULATOR WITH SEPARATE ULTRA-STABLE REFERENCE 


+10 to +30 In + : 
2N5879 120 
























+5.0 Out 
2 200 mA to 6.0 Amps 
1000 uF 001 uF 5000 uF 0.01 uF 
“iL 50V 1. 50V 1N3889 ali 6.8 V LL. Ceramic 
Ceramic (Low ESR) - 

Pulse Width 
Modulator 

MC1404U5 1 

2.2k 


* 40 Turns #16 Wire, Arnold A-894075-2 Ferrite Core 


FIGURE 14 — HIGH SPEED 8-BIT D/A CONVERTER USING MC1404U10 
leg is set to 51 COO MA with R1 


50082 
U = Transmission Line 
= oe 50 
001% ~</ 001% Vout = 1.25 V FS Settling Time, 
Y 7 Or, Typically 10 ns 
Ivo = 
: Ow, 
| 59 | 50 50 
001% = Toe 
Inputs are - [50 | R1 tk 
MECL 10K _ 5 4 
Compatible *R2 24k = +10V 
O 6 3 = 
cz Allen 01 +15 V 
Fo? 27-0 
Bradley u (12 5 to 400 V max) 
O Type RT = s 1 
| 80 Qo1wrF = marie inking 
ulv n 
i 7 Mc1404U10 
f 
ig °R3 3k Lb 10 Volt Reference 
© 
| 50] *R2 and R3 are 
o1= < 50 ppm/°c 
-52V uF 
22 O20 001 10 uF 
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OPERATIONAL AMPLIFIERS | 


Motorola offers a broad fine of operational amplifiers to meet a wide range of usages. From 
low-cost industry-standard types to high precision circuits, the span encompasses a large range of 
performance capabilities. These linear integrated circuits are available as single, dual, and quad 


monolithic devices in a variety of package styles as well as standard chips. 


Single Operational Amplifiers 


NONCOMPENSATED 


te | Vio |Tevio) No | Avot 
uA mV [uVfC!] nA | V/V 
Device max } max] typ max| min 

















BW(Av=1) | SR(Av=1) | Supply Voltage 
Vv 





General Purpose 601, 693 
Precision 601, 606, 693 
Precision 601, 606, 693 

Differential Output 603, 606 
General Purpose 603B, 606, 632 
General Purpose 603B, 606, 632 

(Darlington Input) 

General Purpose 603B, 606, 632 

High Slew Rate 601, 632 

General Purpose 601, 606, 

632, 693 
High Performance 601, 606, 632 
MC1709 
Wideband DC 601, 606, 632 
Amplifier 
General Purpose 601, 693 





General Purpose 601, 626, 693 
Precision 601, 606, 
626, 693 
Precision 601, 606, 
626, 693 
Differential Output 603, 606 
General Purpose 603B, 606, 
632, 646 
General Purpose 603B, 606, 
(Darlington Input) 632, 646 
General Purpose 603B, 606, 
632, 646 
High Slew Rate 601, 626, 
632, 646 
Genera! Purpose 601, 606, 
626, 632, 
646, 693 
Wideband DC 601, 606, 632 
Amplifier 
General Purpose 601, 626, 693 
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Single Operational Amplifiers 


INTERNALLY COMPENSATED 


LF155 
LF1S5A 
LF156 
LFI56A 
LF157 
LF1S7A 
LM107 
MC 1536 
MC 1556 
MC1733 


MC1741 
MC1741N 


MC1741S 

MC1776 

MC35001 
MC35001A) 75pA 
MC35001B] 100pA 


LF355 
LF355A 
LF356 
LF356A 
LF35S7 
LF357A 
LM307 
MC1436 
MC1456 
MC1733C 


MC1741C | 05 
MC1741NC; 0.5 
MC1741SC| 0.5 


MC1776C |0.003 
MC3476 


MC34001 
MC34001A | 100pA 


MC34001B | 200pA 100pA| SOK 


(Av=1)/ SR(Av=1) | Supply Voltage 


lip | Viol Tvio Avot |BW 
pA | mV i yvicc VIN MHz 
Device max | max min typ 


Description 


FET Input 
FET tnput 
FET Input 
FET Input 
Wideband FET Input 
Wideband FET input 
General Purpose 
High Voltage 
High Performance 
Differential Wideband 
Video Amp 
General Purpose 


Low Noise 


High Slew Rate 
uPower Programmable 
TRIMFET Input 
TRIMEFET Input 
TRIMFET Input 


FET Input 
FET Input 
FET Input 
FET Snput 
Wideband FET Input 
Wideband FET Input 
Generali Purpose 
High Voltage 
High Performance 
Differential Wideband 
Video Amp 
General Purpose 


Low Noise 
High Slew Rate 


uPower, Programmable 
Low Cost 
uPower, Programmable 
TRIMFET Input 
TRIMFET Input 
TRIMFET Input 
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601 
601 
601 
601 
601 
601 
601, 693 
601 
601, 632 
603, 632 


601, 606, 
632, 693 
601, 606, 
632, 693 
601, 632, 693 
601, 632 
601, 693 
601, 693 
601, 693 


601 

601 

601 

601 

601 

601 
601, 626, 693 

601 

601, 632 

601, 632, 646 


601, 632, 626, 
646, 693 
601, 632, 626, 
646, 693 
601, 632, 626, 
646, 693 
601 
601, 626 


601, 626, 693 
601, 626, 693 
601, 626, 693 





Dual Operational Amplifiers 


INTERNALLY COMPENSATED 


"pe | Yi0 jTevio Avot| BW(Av=1) | SRIA\ 
uA mV | uVv/°C viV 
Device max max min 


Military Temperature Range (-55°C to +125°) 




































MC35002B 
MC35022 





MC340228 


Automotive Temperature Range {-40°C to +85°C) 


MC3358 . 76 20K 10 +15) +18 
+30} +36 


NONCOMPENSATED 


Military Temperature Range (-55°C to +125°C) 


MC1535 30 300 | 4K 
MC1537 50 200 |} 25K 








Split Supplies 
Single Supply 
(Low Power 
Consumption) 
Dual MC1741 
Low Noise 
High Slew Rate 
Dual MC1741 
Split Supplies 
Single Supply 
High Frequency 
TRIMFET Input 
TRIMFET Input 
TRIMFET Input 
Precision 
TRIMFET Input 
Precision 
TRIMFET Input 
Precision 
TRIMFET Input 


Split Supplies 
Single Supply 


(Low Power Consumption) 


Dual MC1741 
Low Noise 
High Slew Rate 


Dual MC1741 
Split Supplies 
Single Supply 
(Low Crossover 
Distortion) 
High Frequency 
TRIMFET Input 
TRIMFET Input 
TRIMFET tnput 
Precision 
TRIMFET Input 
Precision 
TRIMFET Input 
Precision 
TRIMFET tnput 


Split Supplies 
Single Supply 


General Purpose 


Dual MC1709 





































601, 632, 693 

















601, 632, 693 
601, 632, 693 
601, 632, 693 
601, 632 
601, 632, 693 








601, 632, 693 
601, 693 
601, 693 
601, 693 
601, 693 









601, 693 













601, 693 





601, 626, 693 















601, 626, 632, 
646, 693 
601, 626, 632, 
646, 693 
601, 626, 632 
646, 693 
603, 632, 646 
601, 626, 693 














601, 626, 693 
601, 626, 693 
601, 626, 693 
601, 626, 693 
601, 626, 693 

















601, 626, 693 






601, 626, 693 


626 


603B, 606, 
632 
632 





Industrial Temperature Range (0°C to +70°C) 


MC1435 50 500 } 35K 
MC 1437 75 500 | 15K 


General Purpose 


Dual MC1709 


603B, 607, 
632 
632, 646 





Quad Operational Amplifiers 


INTERNALLY COMPENSATED 


te | Viol vio | No | Avot} Bwiav=1)| SR(Av=1)| Supply Voltage 
; pA mV {uV/°C nA Vv 
Device max max} typ max i Description 


Low Power 
Consumption 
General Purpose 
Low Power 
Quad MC1741 
Trimmed FET Input 
Trimmed FET Input 
Trimmed FET Input 


Low Power 
Consumption 
Norton tnput 


No Crossover 
Distortion 
Quad MC1741 
Trimmed FET Input 
Trimmed FET Input 
Trimmed FET Input 


Differential 
Low Power 
Norton Input 


Differential 
General Purpose 





Package Styles 


8 
to Ee 
CONFIGURATION C 1’ 2 10 1 rw 


Packages 


632, 646 
632, 646 
632, 646 
632, 646 
632, 646 


632, 646 
632, 646 














646 693 








ANG 





VOLTAGE REGULATORS 


Fixed Output Voltage Regulators 


@ Low-cost monolithic circuits for positive and/or negative regulation at currents from 
100 mA to 1.5A 


@ Ideal for on-card regulation of subsystems 


@ Internal current limiting thermal shutdown and safe-area compensation 


FIXED-VOLTAGE, 3-TERMINAL REGULATORS FOR POSITIVE OR NEGATIVE POLARITY POWER SUPPLIES. 


Device Type Device Type Vin 
Positive Output Negative Output Min/Max 


MC7902C 
MC79LO03AC 
MC79LO3C 
MC78LO05C MC79LO05C 


MC78LOS5AC MC7SLOSAC 
MC78MO5C - 

LM109 = 
RS ae 
ep —— 

**MC7805°* 

**MC78054°* = 


**LM140 5° 
=e Pas eee 
[1500 | — ~—~—*(| ~—mcevgo0s2c_ | 72/35 | 105 (| 105 
MC78MO06C = 8/35 100 120 
| **mc7soe> | - | 9/35 {| 60 1 
**MC7806A° = 1 
**MC7806AC 
**LM1406° 
**LM340 6G 


MC78L08C 
MC78LO8AC 
MC78MO8C 
**Mc7808" 
**MC7808A° 10 6/35 
**MC7808AC 
*LM140-8° 10 5/35 
**LM340 8 

























































































MC78L12C MC79L12C 13 7/35 29,79 


MC78L12AC MC79L12AC 
MC78M12C = 14/35 79, 221A 


**MC7812° - 15 5/35 
MC7812C MC7912C 14 5/35 
**MC7812A°* 14.8/35 
**MC7812AC 
**LM140-12°* 
**LM340-12 
**1979 New Product Introductions 
*Ty = -55 to +150°C 
tOutput Voltage Tolerance for Worst Case 






































(continued) 
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Fixed Output Voltage Regulators (continued) 


Vout Tol.t Device Type Device Type Vin Redine Road 
Volts Volts Positive Output Negative Output | Min/Max mV mV 
Soran ae a 
£0.75 
| toweratieae[terstiea | 7 | OE | [1.0 79, 221A __ | 
| ssMc7eiss | - sC*dCt.6/35 [150 [150 
—Hereiee___vetasec | ansias_|_ ago _} 209 1, 221A 
—armereisas f= __| 179/38 | 
[ semc7aisac [ 
; 2ctMi140-15° [178/35 pe 
P s*LM340-15 | | 
nets Sere ee eee 
[| 500 _{ mc7eMisc [|  - | 20/35 _~| 100 =| S360 S| tod 79, 221A 
| semc7eigs [| -sC*dTCS 2s | 80 80 
21/35 80,380 1, 221A 
ee 


**MC781BA° 
ssmc7aigac | 


Se a ae ill nice 
CT a 
a TIE 


21 Hs |_300 | 
| soo | mc7am2ac [| = | 6/ao | t00 S| aso 279, 2210 
| seme7e2ae [| | 28/40 240 | 
a a 1, 221A 
| 27.3/40__| 
emevenae 27/40 [41,2214 | 
[ *sumi14o-2ae ees 
| stum3ao-24 | 
**1979 New Product Introductions 
*Ty = -55 to +150°C 
tOutput Voltage Tolerance for Worst Case 





Variable Output Voltage Regulators 


POSITIVE OUTPUT REGULATORS 


Pp Regulation 
; Watts % Vour @ 
Vout Vin : Max Ta 725°C T= 
Device To= |To= Typ °¢ 
Max | Troe : Line Max 
hal tid 0.007 | 85 _| 
p—tM208__ 068 ah [100 _| 
[tM105 [150 _| 
| Internally 
| **LM217L_ | Limited 


Mc1723. | cP _| | 065 | 
ee rad 
hay 

ee eee Be 


[ 30 | 068 
[30 | 


LM317 Internally 
LM317 Limited 
LM217 
LM117°* 


= -55 to +150°C 
ae ie New Product Introductions 
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Variable Output Voltage Regulators (continued) 


NEGATIVE OUTPUT REGULATORS 


ential 
Device Volts 
Type Min 


LM304 
tLM204 
LM104 





pas ara 2 '= Gane Lc 


ana Regulators 


Used as the control circuit in PWM, push-pull, bridge and series type switchmode supplies. The 
devices include the reference, oscillator, pulse-width modulator, phase splitter and output sections. 
Frequency and duty cycle are independently adjustable. 


<a 








Special Regulators 
FLOATING VOLTAGE AND CURRENT REGULATORS 


Designed for laboratory type power supplies. Voltage is limited only by the breakdown voltage 
of associated, external, series-pass transistors. 


erirea ercrae 





*Dependent on characteristics of external series-pass elements 


DUAL +15 V TRACKING REGULATORS. 


Internally, the device is set for +15 V, but an external adjustment can change both outputs 
simultaneously, from 8.0 V to 20 V. 


Oto +75 


603C 
[ 632 | 
{614 | 
-55 to+125 | 603C | 

| 632 | 
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Special Regulators (continued) 


LOW TEMPERATURE DRIFT, LOW VOLTAGE REFERENCE 


Regine Regigad 
Device mV mV 
Type Max Max 






























































25425 mv 10 }— 48 feds | U 3/45 10 0 to +70 
MC1403A (Note 1) (Note 3) 
| 55 | cis03 -55 to +125 
25 MC1503A 
§0+50mvV 40 MC1404U5 60 Oto +70 
25 MC1404AU5 (Note 2) 
| 5 | Mciso4us | -55 to +125 
} 25 | cis04aus | | 
6.25 = 60 mV [40 | ~~ Mciaodue | 0 to +70 
MC1504U6 -55 to +125 
oe MC1504AU6 
10+ 100 mV 40 MC1404U10 | Oto +70 
25 MC 1404AU10 
55 MC1504U10 -55 to +125 
25 MC1504AU10 is. 





Notes 1 45<V,<15V/15V<V, <40V 
2. Vin = Vour + 25 V to 40V 
3. OMA <tg <10mA 


Package 











603 
(TO-5 Type) 


603C 





a 
al 
lj 
al 
vie 
1U 
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CIRCUITS FOR 
CONSUMER APPLICATIONS 


... reflecting Motorola’s continuing commitment integrated circuit devices that satisfy the primary 
to semiconductor products necessary for con- functions for Television, Audio, Radio, Citizens 
sumer system designs. This tabulation is arranged Band, Automotive and Organ applications. 


to simplify first-order selection of consumer 


Television Circuits 
SOUND 


[Function | CéFecatures = | Case | Type 
Sound IF, Detector, Limiter, 80 zV, 3 dB Limiting Sensitivity, 3.5 V (RMS) Output, MC1351 
Audio Preamplifier Sufficient for Single Transistor Output Stage 
Sound IF Detector Interchangeable with ULN2111A | 646 |  MC1357 


Sound IF Detector, Excellent AMR, Interchangeable with CA3065 MC1358 

dc Volume Control, 

Preamplifier 

Sound IF, Low Pass Filter, Complete TV Sound System; 100 zV, 3 dB Limiting 722A TDA1190Z 
648 
648 
648 
648 




























Detector, dc Volume Sensitivity; 4 Watts Output; Voc = 24 V; R, = 169 


Control, Preamplifier, 
750 mW Output 


ist and 2nd Video IF IF Gain @ 45 MHz = 60 dB typ, AGC Range = 70 dB min 
Amplifier IF Gain @ 45 MHz =50 GB typ, AGC Range = 60 dB min 














TDA1190P 






MC1349 


MC 1350 
1st and 2nd Video IF, AGC IF Gain @ 45 MHz = 53 dB typ, AGC Range =75 dB min, MC 1352 
Keyer and Amplifier “Forward AGC” Provided for Tuner 





Low-Level Detection, Low Harmonic Generation, 
Zero Signal dc Output Voltage of 7.0 to 8.2 V 


Same as MC1330A1 except zero signal dc output 
voltage of 7.8 to 9.0 V 


Automatic Fine Tuning High Gain AFT System, Interchangeable with CA3064 
Automatic Fine Tuning with AFT Circuit that Provides an AFT Voltage and an 
Intercarrier Mixer/Amplifier Amplified 4.5 MHz Intercarrier Sound Signal 


CHROMA 


Chroma IF Amplifier and Includes Complete Chroma IF, AGC, dc Gain and Tint 

Subcarrier System Controls Injection Locked Oscillator, Low Peripheral 
Parts Count 

Chroma IF Amplifier and Includes Complete Chroma IF, AGC, dc Chroma and 

Subcarrier System (PLL) Hue Controls, Phase-Locked Loop (PLL) Oscillator, 
Color Killer Threshold Adjustment 


Dual Chroma Demodulators Dual Doubly-Balanced Demodulator with RGB Matrix 
and Chroma Driver Stages 


Dual Doubly-Balanced Demodulator with RGB Matrix 
and PAL Switch 


Triple Chroma Demodulator | Triple Doubly-Balanced Demodulator with 
Adjustable Output Matrix, Contains Three 
Independent Demodulators 


DEFLECTION 


Horizontal Processor 






3rd IF, Video Detector, 
Video Buffer, and 
AFC Buffer 


MC1330A1 














MC1330A2 





MC1364 








MC1398 


| 646 
MC1327 


eal ae 
Includes Linear Balanced Phase Detector, Oscillator 


| 648 
E626. |] 
MC1391 
and Predriver, Adjustable dc Loop Gain 
Same as MC1391 except designed to accept negative Loe MC1394 
sawtooth sync pulse 
Vertical Processor Includes Oscillator and Complementary Driver, Low MC1393A 
Thermal Drift, Retrace Pulse for Effective Blanking 
TV GAMES/DISPLAY 
Color TV Video Modulator Includes Chroma Oscillator and Clock Driver, Lead MC1372 
and Lag Network, Chroma Modulator, RF Oscillator, 


MC1373 






















and Modulator. 


Includes RF Oscillator and Modulator 
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CIRCUITS FOR CONSUMER APPLICATIONS 


Audio Circuits 
POWER AMPLIFIERS 


Vin ‘ 
@ rated Po Ip Rt 
mV Typ mA Typ | Ohms Case 
80 


626 MC 1306 
626 MC3360 
314A, 314B | TDA2002 


Audio Power Amplifiers 





Radio Circuits 
1F AMPLIFIERS 


Recovered 
Audio Output} Power 
Supply 
Volts Max 


IF Amplifier . MC1350 
Limiting FM-!F Amplifier : MC1355 


Limiting IF Amp!/Quad MC1357 
Detector 


IF Amplifier MC3310 


Low-Power FM-IF for Dual 648 MC3357 
Conversion Scanning 
Receivers 


DECODERS 
Channel Stereo—indicator 
Separation Lamp Driver 
Features Case Type 
FM Multiplex Stereo Decoder Coilless Operation; MC1309 
4.5 V Operation 


Coilless Operation 646 MC1310 


Variable Separation TCA4500A 





2 
3 





AM RECEIVER 


Features Type 





AM Radio Subsystem RF Amplifier, AGC, Mixer, Oscillator, 1st IF Amplifier, 648 HA1199 
2nd IF Amplifier and Detector 
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CIRCUITS FOR CONSUMER APPLICATIONS 


Organ Circuits 
FREQUENCY DIVIDER 













Yoo, 
Range Tog 
Vde MHz eae Case Type 


7-Stage Divider 12.0/15.0 | 64s | Mc1302 


ATTENUATOR 


hoes THD Ay 
Vde % Typ | dB Typ 


Electronic Attenuator 9.0-18 Hh 206: hr att] 13 | 90 ssw | MC3340 





Attenuation 
Range 


Automotive Circuits 
OPERATIONAL AMPLIFIER 











Voc Unity Gain 


















Range Avol Up Bandwidth 
Vde V/V Min | nA Max MHz Typ Case Type 
Quad Operational Amplifier | 40-28 | 1000 | 03 | re ee ae MC3301 
ES Ae T= CT aE eee LM2902 


Dual Operational Amplifier 3.0-26 a ee ee LM2904 


COMPARATORS 












Sink 
Current 
mA Typ 


Cc 
L208 | 220 | — | soo | 60 _{e46. ese} __wossoe __| 
+7, | +7.0 | | LM2901_——i| 
2.0-36 +50 
[#20 


Features | Case | Type 


Automotive Voltage Designed for use with NPN Darlington; Overvoitage MC3325 
Regulator Protection; “Open Sense” Shut Down; Selectable 

Temperature Coefficient for Use in a Floating Field 

Alternator Charging System 
Flip-Chip Automotive Same as MC3325 MCCF3326 
Voltage Regulator 


ELECTRONIC IGNITION 


Electronic Ignition Circuit Designed for use in High Energy Variable Dwell 646 MC3333 
Electronic Ignition Systems with Variable 
Reluctance Sensors. Dwell and Spark Energy are 
Externally Adjustable 
Flip-Chip Electronic Same as MC3333 MCCF3333 
Ignition Circuit 


SPECIAL FUNCTION 


Programmable Frequency Wide Input Frequency Range (10 Hz to 100 kHz) 646, 632 MC3344 
Switch Adjustable Hysteresis 
(Engine RPM Switch) Wide Supply Operating Range (7 to 24 V) 





Quad Comparators 






VOLTAGE REGULATOR 
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CIRCUITS FOR CONSUMER APPLICATIONS 


Transistor Arrays 
GENERAL-PURPOSE 


One Differentially Connected pair 1 
and Three Isolated Transistors 







Dual Independent Differential 
Amplifiers with Associated 
Constant Current Transistors 






Special Functions 












Phase-Locked Loop Contains Voltage Controlled Oscillator and 
Double Balanced Phase Detector 





Package Styles 


8 14 
Lead 14 ‘anna ag ete al 
Configuration ee Summed : oa 

1 


PCase CT G2 8701 
| Material S| Plastic_| Ceramic _| Plastic _| Plastic | Plastic | 


Suffix 
after Type Number P or PL L 





















16 t 
| @ a = 
Lead 9 poe ney oe fe: 
Configuration ? po Seovevvvyeed Ol 
taterit | Plestio | Plastio | Plastic [Plastic 






Suffix 
after Type Number H V 
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VEBO 
Voits Max Volts Max Case Type 
MC3346 
MC3386 
CA3054 


____Funetion___—_— Features 


Emitter-Coupled Astable Useful as DC-DC Converter, Power Regulator or MC3380 
Multivibrator Multivibrator. Toggle Freq= 100 kHz (typ) 


SPECIAL PURPOSE 
CIRCUITS 


The linear-integrated-circuits listed in this section 


were developed by Motorola for the system 


design engineer to fill special-purpose requirements. Temperature ranges and package availability are 


tailored to provide price/performance versatility. 


Linear Four-Quadrant 
Multipliers 


MC1594/1494 

This device is designed for use where the output 
voltage is a linear product of two input voltages. 
Typical applications include: multiply, divide, 
square root, mean square, phase detector, fre- 
quency doubler, balanced modulator/demodulator, 
electronic gain control. 

The MC1594/MC1494 is a variable transconduc- 
tance multiplier with internal level-shift circuitry 
and voltage regulator. Scale factor, input offsets 
and output offset are completely adjustable with 
the use of four external potentiometers. Two 
complementary regulated voltages are provided to 
simplify offset adjustment and improve power- 
supply rejection. 


MC1595/MC1495 
Similar to the MC1594/1494, but without internal 
level shift and voltage regulator circuits. 


Balanced 
Modulator-Demodulator 


MC1596/MC1496 
Designed for use where the output voltage is a 
product of an input voltage (signal) and a switching 
function (carrier). Typical applications include 
suppressed carrier and amplitude modulation, 
synchronous detection, FM detection, phase 
detection and chopper applications. 


Timing Circuits 


MC 1555/MC 1455/MC 1422 

These devices are highly stable timing circuits 
capable of producing accurate time delays or 
oscillation. Additional terminals are provided for 
triggering or resetting if desired. In the time delay 
mode of operation, the time is precisely controlled 
by one external resistor and capacitor. For a stable 
operation as an oscillator, the free running fre- 
quency and the duty cycle are both accurately 
controlled with two external resistors and one 
capacitor. The circuit may be triggered and reset 
on falling waveforms, and the output structure 
can source or sink up to 200 mA or drive MTTL 
circuits. Timing from Microseconds through Hours. 
The MC1422 has variable threshold level, adjust- 
able externally. 


Timing Error (typ) 


MC1555 0.5% 

MC1455 1.0% 

MC1422 1.0% 
MC3556/MC3456 


Dual Version of the MC1555/MC1455 


Low Frequency 
Power Amplifier 


MC 1554/MC 1454 


One-watt power amplifier for single or split supply 
operation. Typical voltage gain of 10, 18, or 36 
V/V with 0.4% THD. 


Power Control Circuits 


MC3370 
Electronic switch for triac triggering applications. 
Features zero-crossing detector to eliminate RFI, 
differential input with dual sensor inputs, input ~ 
open and short protection, and built-in regulator 
permitting AC line operation. 
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CA3059/3079 
Zero voltage switches designed for thyristor 
control in a variety of ac power switching appli- 
cations for ac input voltages of 24 V, 120 V, 
208/230 V, and 277 V at 50/60 and 400 Hz. 


SPECIAL PURPOSE CIRCUITS 


Monolithic Dual OP Amp Package Styles 


ee ee 
‘emperature Range 
| -55to +125°C | to ae | Oto+70°C | +70°C 


MC3505/MC3405 

This device contains two differential input opera- 
tional amplifiers and two comparators each set Ps mcisss Se] tt—“‘CS™CS*C‘*rTSO#lCGONGOBT_C 
capable of single supply operation. This operational Pp ™™—~—“CsCSESS crass 601, 626,693 
amplifier-comparator circuit will find its applica- 
tions as a general purpose product for automotive 
circuits and as an industrial ‘‘building block”. p ———rretaae | 603. 632, 646) 
e Op Amp Equivatent in Performance to MC3403 , |. Melaga |). 601,620. | 
@ Comparator Similar in Performance to LM339 

ee M2 


® Op Amps are Internally Frequency Compensated 
ae 
MC3423 626, 693 


© Supply Operation 3 0 Volts to 36.0 Volts 
® Dual Supply Operation also Available aaa 

OT 
e370 


CA3059°* 
CA3079* 














Overvoltage | “Tag w ¥88°C 
Protection Circuit 
MC3523/MC3423 


‘OVPs protect sensitive circuitry from transients or regulator failures when used with an external 
““crowbar’’ SCR. They sense the overvoltage and quickly “crowbar” or short circuit the supply, forcing 
it Into current limiting or opening fuse or CB. 

Voltage threshold ts adjustable and OVPs can be programmed for minimum duration before tripping, 


supplying noise immunity. 
| Min [| Max | Device Number Ta°C 
2.75 MC3423 P. 0 to +70 626 


245 
_MC3523 -55t0+125 | 693 









> 
in 






MATERIAL 


SUFFIX — 
after type number 
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HIGH FREQUENCY 
AMPLIFIERS 


A variety of high-frequency circuits with features ranging from low-cost simplicity to multi-function 
versatility marks Motorola’s line of integrated RF/IF amplifiers. Devices described here are intended 
for industrial and communications applications. For devices especially dedicated to consumer products, 
i.e., TVand entertainment radio, see “Circuits for Consumer Applications”. 


NON-AGC Amplifiers 


SE/NE592 — Differential Two Stage Video Amplifier 


A monolithic, two state differential output, wide- 
band video amplifier. It offers fixed gains of 100 
and 400 without external components and ad- 
justable gains from 400 to O with one external 
resistor. The input stage has been designed so that 
with the addition of a few external reactive ele- 
ments between the gain select terminals, the 
circuit can function as a high pass, low pass, or 
band pass filter. This feature makes the circuit 
ideal for use as a video or pulse amplifier in 
communications, magnetic memories, display and 
video recorder systems. 


MC1733/MC1733C — Video Amplifier 


Differential input and output amplifier provides 
three fixed gain options with bandwidth to 120 
MHz. External resistor permits any gain setting 
from 10 to 400 v/v. Extremely fast rise time (2.5 
ns typ) and propagation delay time (3.6 ns typ) 
makes this unit particularly useful as pulse ampli- 
fier in tape, drum, or disc memory read applications. 


MC1552/MC1553 — Low Distortion Amplifier 


A high performance amplifier with internal series 
feedback for stable voltage gain and low distortion. 
Temperature compensation stabilizes operating 
point. Has selectable gain option and well charac- 
terized data that permits accurate response shaping. 
Useful for critical applications such as wideband 
linear amplifiers or fast-rise pulse amplifrers. 


Package Styles 


MATERIAL 


SUFFIX 
after type number 
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AGC Amplifiers 


MC1550 — Low Cost Building Block 


Single-stage cascade connected amplifier with 
delayed AGC characteristics, for operation at 
frequencies to 100 MHz. Has typical power gain of 
25 dB @ 60 Mhz. 


MC1545/MC1445 — Gated 2-Channel Input 


Differential input and output amplifier with gated 
2-channel input for a wide variety of switching 
purposes. Typical 75 MHz bandwidth makes it 
suitable for high-frequency applications such as 
video switching, FSK circuits, multiplexers, etc. 
Gating circuit is useful for AGC control. 


MC1590 — Wide-Band Genera! Purpose 
Has differential inputs and outputs with unneu- 
tralized power gain as high as 35 dB typical at 100 
MHz in tuned amplifier service. Effective AGC 
voltage range from 5 to 7 volts for a 30 dB gain 
reduction. 


Electrical Specifications 


AGC AMPLIFIERS 


Operating 
Temperature Range 
~55 to 0 to 

+125°C +75°C 


44Typ @ 10} +12/- 
4Typ @ 100 
MC1545 cree] 19Typ @ 75 603 ,607 
632 


NON AGC AMPLIFIERS 


MC1733 MC1733C 52 @ 40 +6/-6 
40 90 
20 120 . 
MC1552 34 @ 40 +6/-6 6038 
40 @ 35 
55 @ 40 +6/-6 
45 @ 930 








| soe | co7_ 
|__Ceramic_ | Ceramic _| 
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CASE OUTLINE DIMENSIONS 


The packaging availability for each device type is indicated on the individual data sheets 
and the Selector Guide. All of the outline dimensions for the packages are given in this 
section. Outline dimensions for non-encapsulated standard linear device chips and flip-chip 
devices are found in the Chips Data Book. 

The maximum power consumption an integrated circuit can tolerate at a given operating 
ambient temperature can be found from the equation: 


Pars TJ(max) - TA 
(TA) © "Ra ja(Typ) 
where: PD(Ta) = Power Dissipation allowable at a given operating ambient temperature. 


This must be greater than the sum of the products of the supply voltages 
and supply currents at the worst case operating condition. : 


TJ(max) = Maximum Operating Junction Temperature as listed in the Maximum 
Ratings Section. See individual data sheets for T J(max) information. 
Ta = Maximum Desired Operating Ambient Temperature 
R@JA(Typ) = Typical Thermal Resistance Junction to Ambient 


CASE 601-04 
Metal Package 
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NOTE: 
1. LEADS WITHIN 0.25 mm (0.010) 
DIA OF TRUE POSITION AT 
SEATING PLANE AT MAXIMUM = “\ 
MATERIAL CONDITION. 


CASE 603-04 
Metal Package 
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NOTE: 
LEADS WITHIN 0.18 mm (0.007) RADIUS OF 0.254} 1.02 
TRUE POSITION AT SEATING PLANE 
AT MAXIMUM MATERIAL CONDITION. 


0.040 
All JEDEC dimensions and notes apply 





_CASE 620-02 


Ceramic Package 


NOTES. 

1 LEADS WITHIN 0.13 mm (0 005) RADIUS 
OF TRUE POSITION AT SEATING PLANE 
AT MAXIMUM MATERIAL CONDITION 

2 PKG. INDEX. NOTCH IN LEAD 
NOTCH IN CERAMIC OR INK DOT 

3 DIM“L” TO CENTER OF LEADS 
WHEN FORMED PARALLEL 


| at -p F SEATING 


PLANE 


CASE 620-06 


Ceramic Package 


. LEADS WITHIN 0.13 mm (0 005) RADIUS 
OF TRUE POSITION AT SEATING PLANE 
AT MAXIMUM MATERIAL CONDITION. 

. PACKAGE INDEX: NOTCH IN LEAD 
NOTCH IN CERAMIC OR INK DOT. 

. DIM ’L” TO CENTER OF LEADS WHEN 
FORMED PARALLEL. 


. DIM “A” AND “B’ DO NOT INCLUDE 
GLASS RUN-OUT. 

. DIM “F" MAY NARROW TO 0 76 mm 
(0 030) WHERE THE LEAD ENTERS 
THE CERAMIC BODY. 


CASE 623-04 


Ceramic Package 





| N | 051] 1.27 { 0.020 | 0.050 | 


1. DIM “L” TO CENTER OF 
LEADS WHEN FORMED SEATING PLANE 
PARALLEL. 
2. LEADS WITHIN 0.13 mm 
(0.005) RADIUS OF TRUE 
POSITION AT SEATING 
PLANE AT MAXIMUM 
MATERIAL CONDITION 
(WHEN FORMED PARALLEL) 
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. CASE 626-04 
Plastic Package 


NOTES 2. DIM “L” TO CENTER OF 
1. LEADS WITHIN 0.13 mm LEADS WHEN FORMED 
(0.005) RADIUS OF TRUE PARALLEL. 


POSITION AT SEATING 3. PACKAGE CONTOUR 


PLANE AT MAXIMUM OPTIONAL (ROUND OR 
MATERIAL CONDITION. SQUARE CORNERS) 


CASE 632-02 


Ceramic Package 


NOTES: 
1, ALL RULES AND NOTES ASSOCIATED c 
WITH MO-001 AA OUTLINE SHALL APPLY. 
2. DIMENSION “L’ TO CENTER OF LEADS 
WHEN FORMED PARALLEL. 
3. LEADS WITHIN 0.25 mm (0.010) DIA 


+ 
' ‘ K 
OF TRUE POSITION AT SEATING PLANE | G | ih! 


‘AND MAXIMUM MATERIAL CONDITION. PLANE 


CASE 646-05 
Plastic Package 


NOTES: 

1. LEADS WITHIN 0.13 mm 
(0.005) RADIUS OF TRUE uu \ = 
POSITION AT SEATING SEATI 
PLANE AT MAXIMUM He + Gk |B PLANE 
MATERIAL CONDITION. 

2. DIMENSION “L” TO 
CENTER OF LEADS 
WHEN FORMED 
PARALLEL, 


3. DIMENSION “B” DOES NOT 
INCLUDE MOLD FLASH 
4 ROUNDED CORNERS OPTIONAL 
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CASE 648-05 


Plastic Package 


NOTES: 
1, LEADS WITHIN 0.13 mm 


(0.005) RADIUS OF TRUE 


POSITION AT SEATING 
PLANE AT MAXIMUM 
MATERIAL CONDITION. 
2. DIMENSION “L” TO 
CENTER OF LEADS 
WHEN FORMED 
PARALLEL. 


OPTIONAL LEAD 
CONFIG. (1, 8, 9, & 16) 


NOTE 5 





CASE 649-03 
Plastic Package 


1. LEADS WITHIN 0.13 mm (0 005) 
RADIUS OF TRUE POSITION AT 
SEATING PLANE AT MAXIMUM 
MATERIAL CONDITION. 

2, DIMENSION “L” TO CENTER OF 
LEADS WHEN FORMED PARALLEL. 


CASE 690-12 


Ceramic Package 


1. LEADS WITHIN 0 13 mm (0 005) RADIUS 
OF TRUE POSITION, AT SEATING PLANE 
AND MAXIMUM MATERIAL CONDITION. 


3. DIMENSION “B” DOES NOT 
INCLUDE MOLO FLASH. 

4. “F’ DIMENSION IS FOR FULL 
LEADS. “HALF” LEADS ARE 
OPTIONAL AT LEAD POSITIONS 
1, 8, 9, and 16), 

5. ROUNDED CORNERS OPTIONAL. 


SEATING 
2 PLA 
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nae MILLIMETERS] INCHES _ | 
| MIN | 


[MAX | MIN | MAX | 
TA | 18.80 | 21.34 | 0.740 | 0.840 
|B | 6.10 | 6.60 | 0.240 | 0.260) 


At 


wt 
ees oem 


NE 


PP | 013] 0.38 | 0.005 | 
a 1051] 0.76 | 0.020 10030 | 


[MILLIMETERS| INCHES | 
| MIN | MAX | MIN | MAX__| 
| A_| 2007] 2057 | 0790 | o8to | 


[0.105 | 
| 0.015 | 
0.030 
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CASE 693-02 


Ceramic Package 


NF. 


° = 

= 

a|sIS 

oO = O 
= 
J 

° 
“a 

SISis 

ie) 


1.02 0.040 


NOTES 

1, LEADS WITHIN 0.13 mm (0 005) 
RAD OF TRUE POSITION AT 
SEATING PLANE AT MAXIMUM 
MATERIAL CONDITION. 

2. DIMENSION “L” TO CENTER 
OF LEADS WHEN FORMED 
PARALLEL. 


CASE 701-01 
Plastic Package 





NOTES: 

1, LEADS WITHIN 0.13 mm 
(0005) RADIUM OF TRUE 
POSITION AT SEATING 
PLANE AT MAXIMUM 
MATERIAL CONDITION 
(DIM “G”), 


DIMENSION “L” TO CENTER 
OF LEADS WHEN FORMED SEATING 
PARALLEL PLANE 


CASE 710-02 
Plastic Package 


rt 115.24 BSC [0.600 BSC 
Yo? [ 15° | of | 15° | 
PN [0.51 [1.02 | 0.020 | 0.040 





1. POSITIONAL TOLERANCE OF LEADS (D), See Cc 
SHALL BE WITHIN 0.25mm(0.010) AT 


MAXIMUM MATERIAL CONDITION, IN N 

RELATION TO SEATING PLANE AND <« © 

EACH OTHER. i L ‘ i 

DIMENSION L TO CENTER OF LEADS ied K | le 
WHEN FORMED PARALLEL. Hi -|G|— FE tl se avine | M : 

. DIMENSION B DOES NOT INCLUDE PLANE 


MOLD FLASH. 
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CASE 724-02 
Plastic Package 


NOTE: 

1, LEADS, TRUE POSITIONED WITHIN 
0.25 mm (0.010) DIA AT SEATING 
PLANE AT MAXIMUM MATERIAL 
CONDITION (DIM D). 


SEATING PLANE 


CASE 726-01 


Ceramic Package 


1, LEADS, TRUE POSITIONED 
WITHIN 0.25 mm (0.010) DIA. 
AT SEATING PLANE, AT i 


MAXIMUM MATERIAL 
CONDITION. = 


DIM “L’ TO CENTER OF 


” LEADS WHEN FORMED 
PARALLEL. H F SEATING PLANE 
18) 


. DIM “A” & “B" INCLUDES 
MENISCUS. 


CASE 732-02 


Ceramic Package 


sil 


NOTES: 

1, LEADS WITHIN 0.25 mm (0.010) 
DIA, TRUE POSITION AT 
SEATING PLANE, AT MAXIMUM 
MATERIAL CONDITION. 

2. DIM L TO CENTER OF LEADS 
WHEN FORMED PARALLEL. 

3. DIM A AND B INCLUDES 
MENISCUS. 





eT 


| min | max | min | MAX | 
Sami eee) 0.960 


8 


ey 0270 0. 295 





0.170 { 0.200 
0.015 | 0.022 
65 0oss Tones 








CASE 733-02 [MILLIMETERS] INCHES | 


Ceramic Package 
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NOTES: 

1. DIM IS DATUM 

2. POSITIONAL TOL FOR LEADS: 
[@ | 025 (0010) MI TIA® 

3. IS SEATING PLANE. 

4. DIM A AND B INCLUDES MENISCUS. 

5. DIM -L- TO CENTER OF LEADS 
WHEN FORMED PARALLEL. 

6. DIMENSIONING AND TOLERANCING 
PER ANSI Y14 5, 1973. 


CASE 738-01 


: MILLIMETERS| INCHES 
Plastic Package 





TLLIME TERS 
Pm 
| 610 | 660 | 0. 
| 3.94 | 4.19 | 
ase [056 
L27_ | 1.78 


NOTES. 
1. DIMEA:] IS DATUM. 
2. POSITIONAL TOL FOR LEADS, 


3. EE] IS SEATING PLANE. 
4. DIM “B” DOES NOT INCLUDE MOLD FLASH. 
5. DIM TO CENTER OF LEADS WHEN 


FORMED PARALLEL 
6. DIMENSIONING AND TOLERANCING 
PER ANSI Y14.5, 1973. 
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APPLICATION NOTE ABSTRACTS 


The application notes listed in this section have been prepared to acquaint the circuits and systems engi- 
neer with Motorola Linear integrated circuits and their applications. To obtain copies of the notes, simply list the 


AN number or numbers and send your request on your company letterhead to: Technical Information Center, 
Motorola Semiconductor Products Inc., P.O. Box 20912, Phoenix, Arizona 85036. 





AN-245A An Integrated Core Memory 
Sense Amplifier 

This application note discusses core memories 
and related design considerations for a sense ampli- 
fier. Performance and environmental specifications 
for the amplifier design are carefully established so 
that the circuit will work with any computer using 
core memories. The final circuit design is then ana- 
lyzed and measured performance is discussed. The 
amplifier features a small uncertainty region (6 mV 
max), adjustable voltage gain, and fast cycle time 
(0.5 us). 


AN-273A More Value out of Integrated 
Operational Amplifier Data Sheets 

The operational amplifier is rapidly becoming a 
basic building block in present day solid state elec- 
tronic systems. The purpose of this application note 
is to provide a better understanding of the open loop 
characteristics of the amplifier and their significance 
to overall circuit operation. Also, each parameter is 
defined and reviewed with respect to closed loop 
considerations. The importance of loop gain stability 
and bandwidth is discussed at length. Input offset 
circuits are also reviewed with respect to closed loop 
operation, 


AN-290B Mounting Procedure for, and 
Thermal Aspects of, Thermopad Plastic 
Power Devices 

Many Motorola power devices are now available 
in the Plastic Thermopad packages. Three package 
types are presently available. This application note 
provides information concerning the handling and 
mounting of these packages, as well as information 
on some thermal aspects. 


AN-401 The MC1554 One-Watt Monolithic 
Integrated Circuit Power Amplifier 

This application note discusses four different 
applications for the MC1554, along with a circuit 
description including DC characteristics, frequency 
response, and distortion. A section of the note is also 
devoted to package power dissipation calculations 
including the use of the curves on the power ampli- 
fier data sheet. 


AN-404 A Wideband Monolithic Video 
Amplifier 

This note describes the basic principles of AC 
and DC operation of the MC1552G and MC1553G, 
characteristics obtained as a function of the device 
operating modes, and typical circuit applications. 


AN-411 The MC1535 Monolithic Dual Op 
Amp 

This note discusses two dual operational ampli- 
fier applications and an input compensation scheme 
for fast slew rate for the MC1535. A complete AC 
and DC circuit analysis is presented in addition to 
many of the pertinent electrical characteristics and 
how they might affect the system performance. 


AN-421 Semiconductor Noise Figure 
Considerations 

A summary of many of the important noise fig- 
ure considerations related with the design of low 
noise amplifiers is presented. The basic fundamen- 
tals involving noise, noise figure, and noise figure- 
frequency characteristics are then discussed with the 
emphasis on characteristics common to all semicon- 
ductors. A brief introduction is made to various 
methods of data sheet presentation of noise figure 
and a summary is given for the various methods of 
measurement. A discussion of low noise circuit de- 
sign, utilizing many of the previously discussed 
considerations, is included. 


AN-471 Analog-to-Digital Conversion 
Techniques 

The subject of analog-to-digital conversion and 
many of the techniques that can be used to accom- 
plish it are discussed. The paper is written in 
general terms from a system point of view and is 
intended to assist the reader in determining which 
conversion technique is best suited for a given appli- 
cation. 


AN-489 Analysis and Basic Operation of 
the MC1595 

The MC1595 monolithic linear four-quadrant 
multiplier is discussed. The equations for the anal- 
ysis are given along with performance that is 
characteristic of the device. A few basic applications 
are given to assist the designer in system design. 
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APPLICATION NOTE ABSTRACTS (Continued) 


AN-491 Gated Video Amplifier 
Applications Using The MC1545 

This application note reviews the basic operation 
of the MC1545 and discusses some of the more pop- 
ular applications for the MC1545. Included are 
several modulator types, temperature compensation 
of the active gate, AGC, gated oscillators, FSK sys- 
tems, and single supply operation. 


AN-513 A High Gain Integrated Circuit RF- 
IF Amplifier with Wide Range AGC 

This note describes the operation and application 
of the MC1590G, a monolithic RF-IF amplifier. In- 
cluded are several applications for IF amplifiers, a 
mixer, video amplifiers, single and two-stage RF 
amplifiers. 


AN-522 The MC1556 Operational 
Amplifier and its Applications 

This application note discusses the MC1556, a 
second generation, internally compensated mono- 
lithic operational amplifier. Particular emphasis is 
placed on its distinct advantages over the early 709- 
type amplifier and the more recent 741-type ampli- 
fier. 

Along with a description of its operation this 
note presents a discussion on various applications of 
the MC1556, highlighting its capabilities, and points 
out its characteristics so the reader may make effec- 
tive use of the device. 


AN-531 MC1596 Balanced Modulator 

The MC1596 monolithic circuit is a highly versa- 
tile communications building block. In this note, 
both theoretical and practical information are given 
to aid the designer in the use of this part. Applica- 
tions include modulators for AM, SSB, and 
suppressed carrier AM; demodulators for the pre- 
viously mentioned modulation forms; frequency 
doublers and HF/VHF double balanced mixers. 


AN-533 Semiconductors for Plated-Wire 
Memories 

An introduction to the operation and electrical 
characteristics of plated-wire memories is provided 
in conjunction with the applications of semiconduc- 
tors that interface with the plated-wire memories. 

Devices discussed include drivers, sense ampli- 
fiers, and decoders. Memory organization and 
memory-related semiconductor applications are also 
mentioned. 


AN-543A Integrated Circuit IF Amplifiers 
for AM/FM and FM Radios 

This application note discusses the design and 
performance of four IF amplifiers using integrated 
circuits. The IF amplifiers discussed include a high 
performance circuit, a circuit utilizing a quadrature 
detector, a composite AM/FM circuit, and an econ- 
omy model for use with an external discriminator. 


AN-545 Television Video IF Amplifier 
Using Integrated Circuits 

This applications note considers the require- 
ments of the video IF amplifier section of a 
television receiver, and gives working circuit sche- 
matics using integrated circuits which have been 
specifically designed for consumer oriented prod- 
ucts. The integrated circuits used are the MC1350, 
MC1352, MC1353 and the MC1330. 


AN-547 A High-Speed Dual Differential 
Comparator, The MC1514 

This application note discusses a few of the many 
uses for the MC1514 dual comparator. Many appli- 
cations such as sense amplifiers, multibvibrators, 
and peak level detectors are presented. 


AN-553 A New Generation of Integrated 
Avionic Synthesizers 

The need to generate signals of a multitude of 
different frequencies for avionic systems has re- 
sulted in complex solutions in the past. With the 
introduction of certain standard product integrated 
circuits, frequency synthesis using digital phase 
locked loop techniques presents a more practical 
solution. Several different types of servo phase 
locked loop systems are discussed and a practical 
design example is given. Results of design examples 
are presented along with possible applications. 


AN-557 Analog-to-Digital Cyclic Converter 

The A/D cyclic converter discussed in this note 
provides medium speed (1-5us/ bit) and medium 
accuracy (7 or 8 bits) operation. A Cyclic converter 
uses the successive approximation technique in 
which an unknown analog input voltage is succes- 
sively compared to a reference voltage to determine 
each bit of the digital output. 

The cyclic converter offers continuous operation, 
automatic generation of the digital output in Gray- 
code form, and a building block structure. This 
structure uses a separate but identical circuit for 
each resolution bit. The cyclic converter finds use 
primarily in control and process applications. 


AN-559 Simple Ramp A/D Converter 

A simple single ramp A/D converter which incor- 
porates a calibration cycle to insure an accuracy of 
12 bits is discussed. The circuit uses standard ICs 
and requires only one precision part—the reference 
voltage used in the calibration. This converter is 
useful in a number of instrumentation and measure- 
ment applications. 


AN-564 An ADF Frequency Synthesizer 
Utilizing Phase-Locked Loop Integrated 
Circuits 

This application note describes an IC phase 
locked-loop frequency synthesizer suitable for the 
local osciallator function in aircraft Automatic 
Direction Finder (ADF) equipment. 
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APPLICATION NOTE ABSTRACTS (Continued) 


AN-587 Analysis and Design of the Op Amp 
Current Source 

A voltage controlled current source utilizing an 
operational amplifier is discussed. Expressions for 
the transfer function and output impedances are 
developed using both the ideal and non-ideal op 
amp models. A section. on analysis of the effects of 
op amp parameters and temperature variations on 
circuit performance is presented. 


AN-590 Servo Motor Drive Amplifiers 

The design of transformerless, AC servo ampli- 
fiers using power darlington transistors and IC op 
amps are discussed. Two types of power amplifiers 
are illustrated, one using single +28 Volt power sup- 
ply, the second using high voltage transistors in 
complementary configuration for operating directly 
off the line. 

Four different op amp preamplifiers and 90° 
phase shifters are also described. 


AN-599 Mounting Techniques for Metal 
Packaged Power Semiconductors 

For cooler, more reliable operation, proper 
mounting procedures must be followed if the inter- 
face thermal resistance between the semiconductor 
package and heat sink is to be minimized. Discussed 
are aspects of preparing the mounting surface, using 
thermal compounds, and fastening techniques. Typi- 
cal interface thermal resistance is given for a 
number of packages. 


AN-702 High Speed Digital-To-Analog and 
Analog-To-Digital Techniques 

A brief overview of some of the more popular 
techniques for accomplishing D/A and A/D tech- 
niques. In particular those techniques which lead 
themselves to high speed conversion. 


AN-703 Designing Digitally-Controlled 
Power Supplies 

This application note shows two design ap- 
proaches; a basic low voltage supply using an 
inexpensive MC1723 voltage regulator and a high 
current, high voltage, supply using the MC1466 
floating regulator with optoelectronic isolation. Var- 
ious circuit options are shown to allow the designer 
maximum flexibility in an application. 


AN-708A _ Line Driver and Receiver 
Considerations 

This report discusses many line driver and re- 
ceiver design considerations such as system 
description, definition of terms, important parame- 
ter measurements, design procedures and 
application examples. An extensive line of devices is 
available from Motorola to provide the designer with 
the tools to implement the data transmission re- 
quirements necessary for almost every type of 
transmission system. 


AN-710 Communication System 
Transmission Losses 

This report shows the derivation of the equations 
used to calculate the insertion loss associated with 
various component parts of a communications chan- 
nel. The combinations of components form a system 
whose overall loss may not be equal to the sum of 
the losses of the various parts. 


AN-711 The Recovery of Recorded Digital 
Information in Drum, Disk and Tape 
Systems 

The use of magnetic recording techniques has 
long been an important means of sorting digital in- 
formation, as evidenced by the wide variety of 
equipment currently in use. Representative systems 
utilize drums, disks and tape as the recording me- 
dium. 

All three techniques share the common problem 
of recovering the recorded digital information. The 
analog signal obtained by passing the recording 
medium by a magnetic sensor (Read Head) must be 
converted to a suitable digital format. 

This application note reviews the general prob- 
lem and discusses a number of specific circuit 
approaches. 


AN-713 Binary D/A Converters can 
Provide BCD-Coded Conversion 

This note describes the application and use of 
integrated circuit D/A converters for use in provid- 
ing a BCD-coded conversion. The technique is 
illustrated using a 2-1/2 digit digital voltmeter. 


AN-714 A Personalized Heart-Rate 
Monitor with Ditigal Readout 

Using the micropower operational amplifier 
MC1776 and CMOS digital integrated circuits, en- 
tirely self-contained portable electro-medical 
monitoring equipment can be built. This note de- 
tails the construction of a heart-rate monitor giving 
a digital indication, beat-by-beat. 


AN-716 Successive Approximation A/D 
Conversion 

Recent advances in integrated circuit design and 
technology have resulted in reduced cost of high 
performance successive approximation analog to dig- 
ital converters. This note describes and illustrates 
two examples of how modern IC components have 
changed this well known technique. 


AN-717 Battery Powered 5-MHz 
Frequency Counter 

This application note describes a battery- 
powered 5-MHz frequency counter using the 
McMOS logic family for low-power operation. The 
basic counter is optimized, at a 12-volt supply for 
maximum performance with a linear input-signal 
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conditioner. Several options are discussed which op- 
timize the basic counter for minimum power 
dissipation. These options include a CMOS input 
signal-conditioner and multiplexed LED displays. 


AN-719 A New Approach to Switching 
Regulators 

This article describes a 24-Volt, 3-Ampere 
switching mode supply. It operates at 20 kHz from a 
120 Vac line with an overall efficiency of 70%. New 
techniques are used to shape the load line. The con- 
trol portion uses a quad comparator and an opto 
coupler and features short circuit protection. 


AN-720 Interfacing with MECL 10,000 

This article describes some of the MECL circuits 
used to interface with signals not meeting MECL 
input or output requirements. The characteristics of 
these circuits such as; input impedance, output 
drive, gain and bandwidth allow the system designer 
to use these parts to optimize his system. MECL 
interface circuits overcome a problem area of many 
system designs, which is the efficient coupling of 
non-compatible signals. 


AN-732A A Non-Volatile Microprocessor 
Memory Using 4K N-Channel MOS RAMs 

NMOS semiconductor technology has made in- 
roads into high density/high performance circuit 
design. The one-chip microprocessor, Random Ac- 
cess Memories, and Read Only Memories, are 
changing system implementation from random logic 
designs to software and firmware programmable 
microcomputing systems. Such systems frequently 
require relatively large amounts of memory. 

This paper describes the design of an 8192-byte 
non-volatile Random Access Memory system using 
the MCM6605A 4Kx1 RAM. The syste is designed 
to work with the Motorola MC6800, an 8-bit micro- 
processor. 


AN-737A Switched Mode Power 
Supplies—Highlighting A 5-V, 40-A Inverter 
Design 

This application note identifies the features of 
various regulator circuits that are in use today in AC 
to DC power supplies. The note also illustrates how 
these circuits may be used as complementary build- 
ing blocks in a system design. Primary emphasis is 
on switched mode regulators because they fill the 
present need for energy and space savings. 

A complete 5-V, 40-A line operated inverter sup- 
ply is described in detail including design 
procedures for the magnetic components. The in- 
verter itself is a “state-of-the-art” design which 
features CMOS logic, high voltage power transistors, 
Schottky rectifiers and an optoelectronic coupler. It 
operates with a full load efficiency of 80% at a fre- 
quency of 20 kHz. 


AN-739 A Synthetic Spectrum Tuning 
System for TV 

A tuning system is described which uses a com- 
plete spectrum of TV channel markers to achieve 
precise tuning to any channel. 


AN-741 Interface Considerations for 
Numeric Display Systems 

This application note describes several methods 
of multiplexing multi-digit, seven-segment displays. 
The logic devices illustrated are primarily CMOS 
with two examples describing TTL. The displays 
discussed are liquid crystal, LED, gas discharge, in- 
candescent and fluorescent. How to interface 
between the logic and these displays, and what the 
interface considerations are, are described in detail. 


AN-744 A Phase-Locked Loop Tuning 
System for Television 

This note describes a frequency domain tuning 
system which utilizes direct digital countdown of the 
varactor tuner’s local oscillator to obtain the proper 
local oscillator frequency for the channel number 
selected. The system features direct-channel access 
with equal ease of tuning and an exact channel rea- 
dout for all VHF and UHF channels. 


AN-746 A 34 Digit DVM Using an 
Integrated Circuit Dual Ramp System 

This application note describes the design of a 
3'2-digit DVM (digital voltmeter) using the MC1405 
and the MC14435 dual ramp A/D system. The per- 
formance criteria is that of a lab quality DVM with 
both 3!2-digit resolution and accuracy while still 
retaining a low cost and low parts count instrument. 
Features of the DVM include circuitry for a high 
impedance input, autopolarity and overrange indica- 
tion. 


AN-751 A Disassociated Intercarrier 
Television Video IF Amplifier 

This application note discusses a unique video IF 
system, incorporating the MC1331, low-level multi- 
plier detector. Problem areas in IF design are 
discussed and the specific solutions are shown. 


AN-752 An 80-Watt Switching Regulator 
for CATV and Industrial Applications 

This application note describes a 24-Volt, 3- 
Ampere switching, regulated power supply that op- 
erates above 18 kHz from a 40-to 60-Volt, 60-Hz 
square wave source (CATV power line from a ferro- 
resonant transformer) or a dc standby source with 
input output isolation. The control circuit consists 
of a dual operational amplifier and a linear inte- 
grated circuit timer which are used to vary the on 
time of a new high-speed power transistor. The cir- 
cuit provides good efficiency, good regulation, low 
output ripple and incorporates input and output 
voltage over shutdown protection. 
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AN-757 Analog-to-Digital Conversion 
Techniques with the MC6800 
Microprocessor System 

This application note describes several analog-to- 
digital conversion systems implemented with the 
M6800 microprocessor and external linear and digi- 
tal IC’s. Systems consisting of an 8- and 10-bit 
successive approximation approach, as well as dual 
ramp techniques of 3'2-and 4'2digit BCD and 12- 
bit binary, are shown with flow diagrams, source 
programs and hardware schematics. System tra- 
deoffs of the various schemes and programs for 
binary-to-BCD and BCD-to-7 segment code are dis- 
cussed. 


AN-760 Application of The MC3416 
Crosspoint Switch 

The operation and application of the MC3416 4 x 
4 balanced crosspoint switch is described in detail. 
Special emphasis is given to balanced switching sys- 
tems like those in space division PABX. Discussion 
of the total system design using the MC3416 is also 
included. 


AN-763 The MC1323—A Fully 
Programmable Demodulator 

The MC1323 is a monolithic integrated circuit 
demodulator specifically designed for decoding the 
NTSC color television signal, even when non- 
standard receiver display tube phosphor primaries 
are used. The unique design allows independent 
adjustment of demodulator conversion gains and 
demodulation axes. This note describes the circuit 
operation of the MC1323 and several applications 
including low cost driving of unitized gun picture 
tubes and obtaining R-G-B demodulated outputs. 


AN-765 An Approach To A Low-Noise TV 
IF System 

This note describes a technique of measurement 
of the IF contribution and ways of minimization of 
the IF noise. An IF design, following these proce- 
dures, is described to meet the desired noise 
performance. 


AN-767 A Line Operated, Regulated 
5V/50A Switching Power Supply 

This application note describes a regulated 220 V 
ac to 5 Vdc converter using high voltage switching 
transistors and Schottky barrier rectifiers. The con- 
trol functions are all performed by integrated 
circuits. 


AN-775 M6800 Systems Utilizing the 
MC6875 Clock Generator/Driver 

This application note describes the use of the 
MC6875 clock generator/driver in M6800 based sys- 
tems. Design examples will demonstrate the 
capabilities of the driver in systems using slow 
and/or dynamic memories. Multiprocessing and 
DMA methods are also covered. 


AN-781 Revised Data-Interface Standards 

Revised data-interface standards permit faster 
data rates and longer cables. New chips, and RS232 
adapters, simplify their use. 


AN-787 An M6800 Clock System That 
Handles DMA and Memory Refresh Cycle 
Stealing 

Dynamic memory and three-state cycle stealing 
for Direct Memory Access transfers require a clock 
generator and priority logic to maintain proper re- 
fresh times of the dynamic MPU and dynamic 
memory. The design presented here demonstrates 
use of the MC6875 clock generator with an MC6800 
MPU. 
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EB-20 Multiplier/Op Amp Circuit Detects 
True RMS 

Two op amps and two multipliers are used in the 
circuit described by EB-20 to obtain the true rms of 
an input voltage ranging from 2 to 10 Vpk. 


EB-21 DAC Key To Inexpensive 2% Digit 
Voltmeter. 

EB-21 presents an idea for the core of an econ- 
omical 2%% digit voltmeter. Built around Motorola’s 
MC1408 8-bit D/A converter, the meter can measure 
to 2.55 V in 10 mV steps. 


EB-24A Input Buffer Circuits For The 
MC1505 Dual Ramp A-To-D Converter 
Subsystem 

Several bipolar op amp buffers of medium-high 
impedance are described in this bulletin. It also dis- 
cusses FET input op amp buffers providing high 
impedance and temperature drift under 1 mV over 
the 0°C to 50°C range. 


EB-50 Build This Simple, Battery-Powered 
34 Digit DVM From Standard Parts 

EB-50 describes a simple, battery-powered 312 
digit DVM capable of measuring up to 20 volts that 
can be built from readily obtained standard parts. 
Sufficient information is provided to construct the 
circuit including schematic, PC board layout, parts 
list and calibration instructions. 


EB-51 Successive Approximation BCD A/D 
Converter 

A successive approximation A/D converter in 
which a digital-to-analog converter in a feedback 
loop produces a BCD digital output from an analog 
input is described in EB-51. 


EB-52 Control Your Switching Regulator 
With The MC3380 Astable Multivibrator 

Engineering Bulletin EB-52 describes the opera- 
tion and characteristics of the MC3380 astable 
multivibrator and details the design of a 200 volt 
switching regulator circuit for gas discharge displays 
using this device as the control element. 


EB-57 An Economical FM Transmitter 
Voice Processor from a Single IC 

An MC3401 Quad OP-Amp is used as a 
Microphone/Modulation interface in an FM trans- 
mitter. 


EB-58 Analog Data Acquisition Network 
for Digital Processing Using the MC1405- 
MC14435 A/D System 

An MC1405-MC14435 combination is used to 
form a dual-slope A/D converter for analog data 
acquisition. 


EB-66 A Symmetry Correcting Circuit for 
Use with the MC3420 

EB-66 shows a method of implementing an exter- 
nal symmetry-correction circuit with the MC3420 
Switchmode Regulator Control IC to insure bal- 
anced operation of the power transformer in push- 
pull inverter configurations. 


EB-78 NEW ICs In Switching Supplies 

This bulletin describes a regulated 220 Vac to 5 
Vdc converter design incorporating the MC3420 and 
MC3423 for the control and ancillary functions. 


EB-85 Full-Bridge Switching Power 
Supplies 

This bulletin provides selection information on 
devices for a full-bridge configuration supply in the 
500-1000 watt power range. 


EB-86 Half-Bridge Switching Power 
Supplies 

This bulletin provides selection information on 
devices for a half-bridge configuration supply in the 
100-500 watt power range. 


EB-87 Flyback Switching Power Supplies 

This bulletin provides selection information on 
devices for a flyback configuration supply in the 
100-250 watt power range. 


‘-EB-88 Push-Pull Switching Power Supplies 


This bulletin provides selection information on 
devices for a push-pull configuration supply in the 
100-500 watt power range. 
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